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Summary 
This report describes 55 000 hectares (ha) of predominantly red sands and sandy 
loams — locally referred to as Cockatoo Sands — on the Bonaparte Plains about 70 
kilometres (km) north of the Ord River Irrigation Area, Kununurra. It builds on soil 
surveys conducted in 2009 and 2015 (Smolinski et al. 2010, 2015), which identified 
significant areas of red soils in the Kununurra area that could be suitable for agriculture. 
The Cockatoo Sands generally have loamy, sand topsoils that grade to sandy loam with 
depth. The soil profiles are very deep, well drained to rapidly drained, and highly 
permeable. These soil characteristics support a large range of annual and perennial 
crops over the wet and dry seasons.  
The areas identified for agricultural development are predominantly Cockatoo Sand, 
loamy phase (Smolinski et al. 2015), and deep red earths (Stace et al. 1968) that are 
classified as Haplic Mesotrophic Red Kandosols (Isbell & National Committee on Soil 
and Terrain [NCST] 2016). Soil profiles typically have loamy, sand topsoils that grade to 
clayey sand and sandy loam within a metre. 
The vegetation is open woodland (15–18m tall) consisting of Eucalyptus tetrodonta 
(stringybark) – E. miniata (woolybutt) association. A layer of acacia shrub (3–6m), with 
occasional Erythrophleum chlorostachys (ironwood), Brachychiton tuberculatus (large 
leaf kurrajong) and Livistona eastonii (fan palm) form the second stratum. Spinifex and 
low shrubs, particularly Distichostemon hispidulus, represent the understorey (<1m). 
In general, the landscape is almost level, with most slopes less than 2%. Areas with 
slopes greater than 2% are limited to the periphery of minor sandstone outcrops, 
drainage lines and depressions. Sandstone and limestone hills border the south and 
west of the study area, respectively. The land slopes to the north and east where 
ephemeral drainage lines and fringing freshwater springs meet coastal mudflats. 
Soil analysis indicates that Cockatoo Sands are strongly weathered with the clay 
fraction dominated by kaolin and quartz with minor haematite and goethite. The soil 
reaction trend is neutral, with topsoil pH in the range of 5.5 to 6.5 and subsoil pH in the 
range of 6.5 to 7.0. 
The upper 30–60cm of the soil profile has loamy sand to clayey sand soil textures that 
have a very low soil buffering capacity. This, combined with their low nutrient-retention 
ability, means that these soils will require careful management if they are used for 
irrigated agriculture. Under irrigated agriculture, soil acidity may increase over time, 
depending on the pH of the irrigation water and fertiliser management. 
The underlying sandy loam subsoils are compact, with soil bulk density in the range of 
1.7 to 1.8 megagrams per cubic metre (Mg/m3). To address this, deep-ripping prior to 
seeding is recommended for deep-rooted annual and perennial crops. 
Water erosion is a major risk because the region has a monsoonal climate. Under 
intense rainfall, sheet and rill erosion is likely to develop, particularly on long slopes of 
greater than 1% gradient. Therefore, development of the land requires consideration of 
the length of crop rows and slope. Slopes greater than 3% are considered not 
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sustainable for annual cropping, while 5% slope is the upper limit for perennial crops 
where cultivation is infrequent and a protective groundcover can be maintained. 
This investigation identified 34 947ha of Cockatoo Sands (normal phase and loamy 
phase) with a moderate to high capability for irrigated agriculture. The potential for 
irrigated agriculture on the Bonaparte Plains depends on the development of suitable 
water supplies for irrigation.  
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1 Introduction  
This report confirms that a major area of Cockatoo Sands (and associated soils) has a 
high to fair capability for irrigated agriculture on the Bonaparte Plains. The area is 75km 
north of Kununurra, Western Australia (WA) where there are potential groundwater 
resources from the Bonaparte Basin.  
‘Cockatoo Sands’ is a common name for red, sandy soils of the East Kimberley and 
Northern Territory. In the south-west Kimberley, similar soils are referred to as Pindan 
soils. Pindan is an indigenous term used to describe red country and encompasses the 
soils, landforms and characteristic acacia vegetation. 
The aims of this soil survey were:  
• to verify the extent of Cockatoo Sands and associated soils that were identified in a 
previous reconnaissance survey (Smolinski et al. 2010) 
• collect additional data on the soil's chemical and physical characteristics 
• determine the project area's potential for irrigated agriculture.  
We conducted a limited assessment of the less well-drained soils because they 
generally have a low capability for irrigated agriculture. 
The area surveyed in this land capability assessment is shown in Figure 1.1. 
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Figure 1.1 Locat ion of  the Bonaparte Plains survey area
2  The Bonaparte Plains area 
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2 The Bonaparte Plains area 
2.1 Previous soil studies and terminology 
Burvill (1944) adopted the term 'Cockatoo Sands' to describe the principal soil type 
adjoining the sandstone hills around Kununurra. It is based on the local term for the 
sands found around Cockatoo Springs to the south-east of town. These soils are 
predominantly red-brown siliceous sands. However, at the mapping scale used by 
Burvill (1944), all siliceous sands (red, brown, yellow and grey sands) were included in 
the Cockatoo family of soils.  
Burvill (1944) proposed that topography and drainage influenced the formation of the 
various coloured soil phases and that they could be delineated with more-detailed 
mapping. Burvill (1944) suggested that these sands would be of limited use for flood 
irrigation because of their high infiltration rates, but thought they may be suitable for 
sprinkler irrigation. 
Land systems mapping of the Ord–Victoria area in WA and the Northern Territory 
(Stewart et al. 1970) and earlier work in the Katherine–Darwin region (Stewart 1956) 
provides soil type descriptions and analysis for the dominant soil families within the 
Kimberley. More detailed (but limited) soil mapping by van Cuylenberg (1977) in the 
Kununurra area, describes the Cockatoo, Pago, Cajuput, Elliot and Cullen soil families 
that are associated with, or formed from, sandstone parent material. Subsequently, 
Dixon and Petheram (1979) and Dixon and Holman (1980) used the soil families 
identified by van Cuylenberg (1977) in their mapping. Unfortunately, the soil morphology 
descriptions for the Pago, Cullen and Elliot families do not comply with the soil types 
described earlier by Stewart (1956).  
These later surveys are inconsistent in their assignment of soil types within soil families, 
which has led to inconsistencies in soil classification and mapping (Isbell 1986). For 
example, many representative soil profile descriptions distinguish soil colour without 
reference to standard Munsell soil colour charts (Munsell Color Company 2010) and soil 
morphology is only described for the upper 1–1.2m of the soil profile.  
Nevertheless, all soil studies support Burvill’s (1944) hypothesis that a gradual change 
in soil colour and soil profile clay content is influenced by soil drainage and landscape 
position. For example, Dixon and Petheram (1979) found that red Cockatoo Sands 
occur higher in the landscape, while brown Pago and pale-yellow Cajuput sandy soils 
occur in wetter locations lower in the landscape. Furthermore, Smolinski et al. (2010) 
assessed the seasonal internal drainage of the Cockatoo and Pago soils and found that 
Pago soils are more prone to seasonal waterlogging, often having free water within 
2.5m of the surface during the wet season.  
Cockatoo Sands (also referred to as Cockatoo family or Cockatoo sand; Isbell 1986) 
has now been expanded to include red to yellowish-red sands, sandy earths and loamy 
earths (Smolinski et al. 2015). To comply with general soil naming conventions, the term 
now includes a subgroup or phase name. For example, 'Cockatoo Sand, loamy phase' 
is the loamy variant of the Cockatoo Sands. 
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2.2 Genesis of the Cockatoo Sands 
Within the Kimberley region, the Cockatoo Sands are associated with dune fields and 
sandplains. Cockatoo Sands are a major soil component of the Buchanan, 
Camelgooda, Cockatoo, Little Sandy Desert, Wanganut and Yeeda land systems. Land 
system surveys (Speck et al. 1964, Stewart et al. 1970) and regional geological studies 
(Mory & Beere 1988) indicate that the Cockatoo Sands are colluvial sediments derived 
from siliceous siltstones and sandstones, or are formed in situ from these sediments. In 
the West Kimberley, the siliceous sediments are reworked by wind, particularly within 
the Camelgooda and Little Sandy Desert land systems.  
Mineralogy studies on sandstones (Carroll 1947) show that the heavy mineral 
components are very close to those of the overlying soil. Particle-size analysis of sand 
grains (Smolinski et al. 2019) shows that the Cockatoo Sands within the La Grange 
area have heterogeneous to bi-modal distribution. This indicates a mixed origin where 
both colluvial and aeolian reworking is likely to have redistributed the siliceous sands. 
Pell et al. (1999) suggest that aeolian dune sands are derived from localised sources, 
rather than being transported a significant distance from the parent material.  
The variation of clay content within the Cockatoo Sands is likely to reflect the age of the 
soil. Generally, the deep, red sands associated with the Camelgooda dune fields are 
Quaternary sediments (Jennings 1975) with negligible profile differentiation for several 
metres deep (i.e. uniform red sand or loamy sands are commonly several metres deep). 
In non-dune situations, Cockatoo Sands are typically loamy sand grading to sandy loam 
or sandy clay loam within 1m. In the Kimberley, the thickness of the sandy loam – clay 
loam horizon is several metres to 10m above the sandstone parent material (Smolinski 
et al. 2015).  
Considering that dust accession can have a major influence on clay accumulation within 
a coarse-textured soil profile (McKenzie et al. 2004, Cattle et al. 2005), the age of the 
loamy variants of the Cockatoo Sands are ancient and were probably formed during the 
Pleistocene Epoch.  
In the Kununurra area, Cockatoo Sands are associated with the Devonian Cockatoo 
Group, Carboniferous Point Spring Sandstone Formation, particularly the Border Creek 
member and possibly the Keep Inlet Formation (Mory & Beere 1988).   
2.3 Physiography 
The survey area is situated in the centre of the Bonaparte Plains, which are a peneplain 
between the Cambridge and Joseph Bonaparte gulfs (Figure 1.1). The Bonaparte Plains 
are very gently undulating, with a common slope of less than 2% and a maximum 
elevation of 135mAHD (metres Australian Height Datum). They grade to coastal 
mudflats, which are 8–15km wide, along the northern and eastern boundaries. The 
western boundary is defined by sandstone breakaways and gentle slopes that grade to 
the Ningbing Range, which is composed of Devonian limestone outcrop of the Ningbing 
Group. The southern boundary is the Weaber Range, an outcrop of predominantly Point 
Spring Sandstone Formation, with an elevation of 135–250mAHD.  
Soils of the Bonaparte Plains are mostly red residual and colluvial sands that are 
derived from the underlying sandstone (Smolinski et al. 2010). These soils, locally 
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referred to as Cockatoo Sands, support an open woodland consisting of Eucalyptus 
tetrodonta – E. miniata association. Most of the Cockatoo Sands within the survey area 
occur above 40mAHD. Minor outliers occur at 30–40mAHD. Brown, yellow and paler 
sands, duplex soils and cracking clays occur adjacent to Cockatoo Sands on lower 
slopes above the tidal mudflats. 
An isolated area of cracking clays occurring below 35mAHD, on the eastern boundary 
of the survey area, are probably formed from lacustrine or fluvial sediments that overlie 
a paleo-shoreline that is probably of Pliocene Age (Raymo et al. 2011). These cracking 
clays may be contemporaneous with the Cununurra Clays on the Ivanhoe Plain and 
similar dark-grey cracking clays formed on the Ningbing Group limestones occurring at 
the same elevation. Similarly, less well-drained landscapes would promote the 
formation of paler, leached soils from coarse-textured red sediments, such as the 
Cockatoo Sands (Jennings 1975). 
Scattered outcrops of sandstone and conglomerate, likely belonging to the Point 
Springs Sandstone Formation, occur throughout the sandplains (Bennett 2019).  
Residual mounds of iron-stained sands and bog iron ore fringe the current sand–mudflat 
interface, indicating passive groundwater discharge over prolonged periods. Active 
springs are encountered upslope from the sand–mudflat interface between 5 and 
15mAHD.  
The mudflats support mangrove forest, samphire and patches of grass, but they are 
predominantly large, bare areas. Minor circular outliers of Cockatoo Sands with a 
periphery of leached sand occur on lower slopes and flats. These outliers have been 
shaped by eustasy — a global change in sea level —, which is also indicated by the 
occurrence of buried dune sands in other areas along the Kimberley coast (Jennings 
1975). 
Surface and proximal groundwater level data collected during 2016 and 2017 
(D Bennett [DPIRD] 2018, pers. comm., 16 May) indicates that the two small ephemeral 
lakes — located on a saddle in the local drainage divide at 85 and 95mAHD — are 
maintained by a combination of direct rainfall and local, perched groundwater. 
Outcropping bog iron ore and pale, leached, gravelly soils on the lakes’ periphery 
indicate redox processes and lateral seepage flow. 
2.4 Geology 
The survey area lies within the Petral sub-basin, which is a subdivision of the Bonaparte 
Basin. Mory and Beere (1988) described and mapped the geology of the onshore areas 
of the Bonaparte Basin. Gorter et al. (2005) revised the lithostratigraphy based on oil 
well logs without remapping the surface geology (Bennett 2019). 
A review and revision of the regional geology by Bennett (2019) suggests that the 
Cockatoo Sands on the Bonaparte Plains are mainly derived from Point Spring 
Sandstone colluvium. In addition, several outliers of Cockatoo Sands on the eastern 
margins of the study area may have formed on the Keep Inlet Formation.  
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2.4.1 Point Spring Sandstone Formation 
This formation consists of sandstone and pebbly sandstone with minor conglomerate 
and siltstone. It derives its name from Point Spring, which is on the southern slope of 
the Weaber Range, adjacent to the Ord River Irrigation Area Stage 2. The Weaber 
Range, which runs along the southern boundary of the survey area, is a major outcrop 
of Point Spring Sandstone (Figure 2.1).  
2.4.2 Border Creek Member 
The Border Creek Member is an upper sequence of the Point Spring Sandstone 
Formation characterised by thick sequences of conglomerate, siltstone, silty sandstone 
and pebbly quartz sandstone.  
2.4.3 Keep Inlet Formation 
The Permian Keep Inlet Formation consists of sandstone, mudstone, shale and minor 
conglomerate that was deposited in continental, shallow marine and glacio-marine 
environments. The Keep Inlet Formation unconformably laps onto the Point Spring 
Sandstone formations.  
Cainozoic alluvium, sandplains and coastal deposits overlie the Keep Inlet Formation. 
 
Figure 2.1 Outcropping Point Spring Sandstone Formation on  
the Bonaparte Plains 
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2.5 Climate 
The Kununurra area has a wet–dry tropical climate and receives most of its rainfall from 
monsoonal fronts from November to April. Long-term average annual rainfall at 
Kununurra Aero is 844 millimetres per year (mm/y); however, since 1998 the average is 
961mm with a range of 665 to 1550mm/y. Carlton Hill recording station is the closest 
long-term meteorological station to Bonaparte Plains. Although records are not 
complete, they indicate that Bonaparte Plains is likely to receive about 10% more 
rainfall than Kununurra.  
Average monthly evaporation exceeds average monthly rainfall in all months except 
February. Annual pan evaporation is around 2800mm/y for the Kununurra area (Bureau 
of Meteorology 2018). 
The average minimum and maximum temperatures are about 15°C and 31°C, 
respectively, in July, and 25°C and 39°C, respectively, in November.  
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3 Soil-landscape survey  
3.1 Preliminary data analysis 
The field soil survey used a multi-theme map based on a GIS to enable field operators 
to review spatial and point data relevant to the study area and to input new 
observations. The GIS system, Geomedia Professional, was loaded onto a tablet so it 
could be used in the field. The relevant data themes used were: 
• 51 sites extracted from DPIRD's soil profile database (Smolinski et al. 2010) 
• existing reconnaissance soil mapping (Smolinski et al. 2010) 
• revised land systems mapping (Payne & Schoknecht 2011) 
• existing geology mapping (Mory & Beere 1988) 
• existing gamma radiometrics surveys (Geoscience Australia 2017) 
• 10m contours derived from a digital elevation model (Geodata topo 2.5M, 
Geoscience Australia 2003) 
• digital orthophotos (Knob Peak mosaic 4668, July 2004; Carlton Hill and extension 
4667 mosaic, July 2010). 
These layers provided the base to identify soil and landform associations. 
3.2 Field survey procedure 
Major soil-landscape factors were assessed to determine if sustainable agricultural 
development would be possible, including the risks of soil erosion, shallow watertables 
and secondary salinity. We assessed the following site data because it represents 
characteristics that would directly contribute to these risks: 
• change in soil texture down the soil profile 
• depth to bedrock 
• depth to seasonal watertable 
• landscape complexity and slope 
• soil bulk density 
• soil profile permeability and drainage. 
The soil survey team familiarised themselves with the main soil-landscapes, surface 
geology and indicator vegetation during the initial stages of the field survey. The team 
used Petheram and Kok (2003) as a pictorial reference for identifying additional 
vegetation. 
The spatial extent of the soils was initially determined from soil-landscape and 
vegetation patterns and this relationship was checked during the field survey. 
Most of the field survey occurred in July and August of 2016. Soil boundary verification, 
and measurements of soil hydraulic conductivity and soil bulk density were completed in 
October 2017. 
Soil survey transects were mainly confined to existing seismic lines and station tracks 
because of the dense vegetation.  
The survey described 167 sites. Locations were recorded using a standard GPS unit 
(Garmin GPS Map 62s) set to GDA94 datum. Site locations and selected field 
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observations were also directly entered as features on the field GIS, using the 
Geomedia Mobile ‘real-time tracking’ facility.  
Soil profiles were described from combined mechanical coring and auger boring to a 
depth of 3–8m using an Eziprobe soil corer/drill rig mounted on a four-wheel drive utility 
vehicle. At each site, the upper 1.5m (approximately) of the soil profile was sampled by 
hand-augering or coring. Soil cores, from representative soil profiles, were stored 
undisturbed in a clear polycarbonate sheath which was capped at each end and 
subsequently transported to the DPIRD soil laboratory in South Perth, where cores were 
subdivided and air-dried prior to analysis.  
The soil descriptions follow the methods in the Australian soil and land survey handbook 
(National Committee on Soil and Terrain 2009). The field team routinely recorded the 
following data on field sheets: 
• vegetation structure and dominant and/or indicator species 
• landform features including surface erosion, surface condition and cracking 
• soil colour, using Munsell soil colour charts (Munsell Color Company 2010) 
• soil texture, described by hand texturing 
• soil structure 
• presence of gravel and segregations 
• soil pH of selected samples using a field pH indicator kit (Raupach & Tucker 1959) 
• salinity of selected soil samples throughout the profile using a 1:5 ratio of soil to 
deionised water and a handheld electrical conductivity (EC) meter 
• depth to watertable or saturated soil horizon if present within drill depth (3–8m) 
• depth to hardpan, bedrock or other perceived resistive layer. 
Soil horizons from 11 representative soil profiles were sampled for chemical analysis 
and soil particle size.  
3.3 Laboratory analyses 
The soil chemical methods we used are based on those described in Rayment and 
Lyons (2011). We conducted the following soil physical and chemical tests (each point 
includes the method codes from Rayment and Lyons (2011), where applicable): 
• nitrate and ammonium (7C2b) 
• Colwell phosphorus and potassium (9B and 18A1) 
• sulfur (10D1) 
• soil organic carbon (6A1) 
• soil pH and conductivity (4A1, 4B3 and 3A1) using 1:5 soil water. 
• soil pH using 0.1M calcium chloride solution 
• trace elements: copper, iron, manganese, zinc (DTPA 12A1,12B1) 
• exchangeable cations of aluminium, calcium, magnesium, potassium, sodium (15E1) 
• extractable boron (12C1) 
• chloride (5A4) 
• soil particle size (Indorante et al. 1990) 
• phosphorus retention index (Allen & Jeffrey 1990). 
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Soil bulk density and soil hydraulic conductivity were assessed from three soil pits. We 
calculated the soil bulk density using the water displacement method (McKenzie et al. 
2002). Field unsaturated hydraulic conductivity of the topsoil horizons was measured 
with a CSIRO disc permeameter, and subsoil saturated hydraulic conductivity (Ksat) 
was measured with a well permeameter (McKenzie et al. 2002).  
3.4 Soil classification and map preparation 
We combined information about the site drainage, soil horizon morphology and 
chemistry from the upper 1.5m of the soil profile to classify most soils according to the 
Australian Soil Classification (Isbell & NCST 2016). The classification of soils overlying 
rock (i.e. Lithic great groups) were determined by drilling to 3m as this depth 
differentiated most well-drained red sandy soils from many poorly drained soils that 
have rock within this depth. In addition, we assigned soils to the WA soil groups 
(Schoknecht & Pathan 2012).  
All soil and site descriptions were entered into DPIRD’s soil profiles database. 
We used Geomedia software to delineate soil boundaries in the field, and for producing 
the final soil maps.  
The development of the soil map units, within an area of 54 963ha, was based on the 
217 field observation sites, including 51 from an earlier reconnaissance survey 
(Smolinski et al. 2010). This equates to an observation density of about one site per 
250ha, signifying that it is suitable for a mapping scale of 1:100 000 (McKenzie et al. 
2008). 
3.5 Slope analysis 
For the slope analysis, we used a digital elevation model developed by Geoscience 
Australia. It was created using airborne Lidar (light detection and ranging) flight lines 
spaced 500m apart with data points at an average interval of 12.5m. We generated 
slope categories through statistical extrapolation and interpolation using Geomedia 
Grid. The slope categories were used to identify the degree of water erosion risk (see 
Section 10.1.2 and Appendix B). 
3.6 Digital soil mapping 
To aid the delineation of the soil map units, we developed a digital soil map 
(Appendix A) by attributing soil site data to broad soil generic groups (SGGs). The soil 
data was processed together with selected co-variants that influence soil formation — 
climate, landscape, vegetation, climate, and parent material — with a classification and 
regression analysis called Random Forest. The co-variants and spatial analysis 
methodology was developed as part of the Northern Australian Water Resource 
Assessment project (Thomas et al. 2018).  
The output data from the digital soil map was produced at a 90m by 90m pixel 
resolution, suitable to identify the broader soil groupings and in particular, to distinguish 
between variants of the Cockatoo Sands — Red Tenosols (SGG red sand) and Red 
Kandosols (SGG red loam) — and other sands belonging to the Pago and Cajuput 
families (SGG sand).  
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3.7 Land capability assessment  
Land capability for irrigated agriculture refers to the ability of the land to support 
agricultural activities, under irrigation systems that use current best practice, without 
causing degradation to the soil, land and water resources. Failing to manage land 
according to its capability risks the degradation of on-site and off-site resources, which 
may lead to a decline in natural ecosystem values, agricultural productivity, cultural 
heritage values, supporting industries and communities. 
Land capability assessment considers the specific agricultural requirements of soil, land 
and water and the risk of degradation associated with establishing irrigated agriculture 
and its long-term management.  
Land capability is best determined with field observations and input from local grower 
experience. If local agricultural experience is unavailable, experimental farms or pilot 
projects can assist. A review of horticulture on similar soils and climate can also identify 
potential cropping systems (Landon 1991). 
This capability assessment considered local grower experience from several small-
scale horticulture developments on Cockatoo Sands and associated soils in the 
Kununurra area and West Kimberley that have been operating for 10–30 years. It also 
incorporated information from land suitability assessments carried out in the Northern 
Territory, particularly from Burgess et al. (2015) who assessed similar soil-landscapes 
and climate.  
3.7.1 Land use selection 
The land capability assessment of a soil or soil map unit relates to specific land uses. 
Table 3.1 lists the broad agricultural activities and the irrigated crops that have been 
grown in the Kununurra area or show commercial potential (N Wilson [DPIRD] 2017, 
pers. comm., 18 September).  
Table 3.1 Broad agricultural act ivit ies, exist ing and potential crops suited to the 
Cockatoo Sands and associated soi ls of  the Kununurra area 
Agricultural activities Crop type 
Annual horticulture (field 
and row crops) 
sorghum, sweet corn, sunflower, millet, chia, quinoa, chickpea, 
mung bean, culinary bean, cotton, cucurbits (pumpkin, melon) 
Perennial horticulture 
(tree or plantation crops) 
mango, grapefruit, lime, papaya, banana 
Hay and fodder crops Rhodes grass, panic, forage sorghum, maize 
Timber products sandalwood, teak, mahogany, tea tree oil 
Potential annual 
horticulture 
guar, peanut, hemp, sweet potato, seed potato, tomato, capsicum, 
chilli, other vegetable crops, sesame 
Potential perennial 
horticulture 
cassava, passionfruit, palm oil, cocoa, dragon fruit, longan, guava, 
lychee 
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Based on this list, the irrigated land uses selected for capability assessment in this 
report were:  
• annual horticulture 
• perennial horticulture 
• fodder cropping 
• timber products.  
Irrigated agriculture is the most intensive agricultural industry with respect to operational 
management and the effects on land and water resources. The assumptions for 
irrigated agricultural land uses are: 
• Crops are grown for commercial production. 
• Most annual crops are shallow-rooted, with most roots using water in the top 0.5m, 
while perennials and forestry crops use the upper 1–1.5m of the soil profile. 
• Crops are irrigated using trickle, sprinkler or centre pivot systems under best 
practice. 
• For annual crops, mechanised cultivation is required several times and the soil is 
disturbed at harvest in the case of root crops. For perennial crops, mechanised 
cultivation only occurs during crop establishment and therefore there is less of a risk 
of water erosion. 
• Fertilisers, herbicides, fungicides and pesticides are applied under best practice. 
• Tree crops require less frequent machinery access for spraying, weed-slashing, 
pruning and harvesting.  
• Soils will be regularly subjected to multiple, highly erosive rain events during the wet 
season.  
• Only the physical requirements are considered; socioeconomic factors are ignored. 
3.7.2 Capability ratings 
DPIRD uses a five-class land capability system, shown in Table 3.2 (van Gool et al. 
2005). Classes (1 to 5) indicate the potential for the land to support the given land use, 
taking into account: 
• the productivity of the land use 
• the degree of limitation that soil-landscape characteristics or qualities have on the 
given land use  
• the level of management required to support sustainable development.  
Class 1 land has a very high capability for the proposed land use because limitations 
are minor, thus development would be sustainable with a low level of management. In 
contrast, Class 5 land has a very low capability because limitations are so severe that 
management or land degradation costs would be prohibitive. The capability class is 
determined based on the most limiting land quality. The significance or impact of each 
land quality on a given agricultural activity is formalised in a land quality description and 
ratings tables (Appendices B and C) that are derived from the land suitability framework 
of the Food and Agriculture Organization of the United Nations (1985). 
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Table 3.2 Land capabi l i ty c lasses for given land use types 
Capability class General description 
1: Very high  Very few physical limitations are present and they are easily overcome. 
The risk of land degradation is negligible.a 
2: High  Minor physical limitations affect the productive land use or the risk of 
degradation. Limitations can be overcome by careful planning. 
3b: Fair  Moderate physical limitations significantly affect productive land use or the 
risk of degradation. Careful planning and conservation measures are 
required.c 
4: Low  A high degree of physical limitations are present that are not easily 
overcome by standard development techniques or result in a high risk of 
degradation. Extensive conservation measures are required.c 
5: Very low  Severe limitations are present. The land use is usually prohibitive in terms 
of development costs or the associated risk of degradation. 
a Very few land use developments have no negative effect on land degradation. Therefore 
capability class 1 will not be achieved for many land uses that employ broadly accepted 
management and development techniques. 
b Class 3 is the most common category. It is often highly productive agricultural land, which 
requires improved land management to avoid slowly increasing effects of land degradation. 
c Conservation or planning requirements are likely to involve ongoing management. 
Source: van Gool et al. (2005) 
To determine the capability class of each map unit, a value for each of the land qualities 
that limit the proposed land use is first assigned to each unit. 
Land capability subclasses, shown as letter notations, indicate the most limiting land 
qualities that determine the capability class (Table 3.3). 
Table 3.3 Land quali t ies and capabil i ty subclass 
Land qualities that limit land use Capability subclass 
Waterlogging/inundation  i 
Water erosion  e 
Phosphorus export  n 
Soil surface condition s 
Soil salinity  y 
Soil-landscape complexity x 
Soil water storage m 
Nutrient availabilitya l 
a Nutrient availability is not a significant limitation under irrigated agriculture and was not used 
in this capability analysis. However, it is a management consideration, particularly when 
irrigation water is acidic. 
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Appendix B describes each land quality and the range of values for each capability 
class. The land capability ratings tables that we used to convert the land quality values 
into capability classes are presented in Appendix C.  
The land qualities and the ratings tables are adapted from Burgess et al. (2015) who 
undertook land assessments for irrigated agriculture in the Northern Territory.  
For each of the four irrigated land uses, we calculated a capability rating for each land 
quality for every map unit. The overall rating for the land use in every map unit is 
determined by the highest (i.e. the most limiting) rating. 
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4 Soils  
The soils of the Bonaparte Plains represent the largest continuous area of Cockatoo 
Sands (red sands and loamy earths) within the East Kimberley (Figure 1.1). These soils 
are classified as Red-Orthic Tenosol and Mesotrophic Red Kandosol, which are 
encountered throughout northern Australia. They have a high potential for irrigated 
agriculture because they are very well drained. The red soils occur adjacent to or in 
association with moderately well-drained to poorly drained brown, yellow and grey 
Tenosols and Kandosols, which belong to (or appear similar to) the Cajuput, Card, 
Cullen, Elliot and Pago soil families (Stewart et al. 1970, van Cuylenburg 1977, Dixon & 
Petheram 1979).  
Figure 4.1 illustrates a common toposequence across the Bonaparte Plains. Table 4.1 
outlines the soil-landscape relationships found on the Bonaparte Plains. Representative 
soil profiles and chemical data for the major soils are presented in Appendix D. 
Appendix E lists all of the soil observation sites. 
 
Note: Table 4.1 contains an explanation of the numbers. 
Figure 4.1 A common soi l toposequence across the Bonaparte Plains 
Cockatoo Sands (Red-Orthic Tenosols and Red Kandosols) are the main soils on the 
very gently inclined peneplain and are commonly greater than 5m deep. Shallower 
Cockatoo Sands are associated with sporadic outcrops of sandstone. Shallow soils are 
likely to be a result of bedrock highs associated with faulting (Mory & Beere 1988).  
The Pago and Cullen soil families (Yellow-Orthic Tenosols, Brown-Orthic Tenosols and 
Yellow or Brown Kandosols) contain ferruginous segregations, while Cajuput soils 
(Bleached-Orthic Tenosols and Sesqui-nodular Tenosols) often contain pale or 
bleached A2 horizons and may also have ferruginous gravel layers. They occur on 
lower slopes, flats and open depressions adjacent to bedrock highs and within 
ephemeral drainage lines that fringe the Cockatoo Sands on lower slopes. Other Pago, 
Cullen and Cajuput soils (Bleached-Orthic Tenosols, Grey Kandosols and Redoxic 
Hydrosols) exhibit distinct mottling and form complex mosaic on flats, depressions and 
seepage areas. 
Elliot and Hooper soils (Grey Kandosols, Grey Chromosols and Redoxic Hydrosols) are 
uncommon.  
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Table 4.1 Soils and landscapes of  the Bonaparte Plains 
Landscape 
positiona Soil family 
Australian Soil 
Classification WA soil group Drainage 
1. Crest and upper 
slopes 
Cockatoo family Red-Orthic Tenosols 
Red Kandosols 
Red deep sands 
Red sandy 
earths 
Well drained 
2. Mid to lower 
slopes 
Pago family Brown-Orthic 
Tenosols 
Brown Kandosols 
Brown deep 
sands 
Brown sandy 
earths 
Moderately 
well drained to 
imperfectly 
drained 
3. Lower slopes Pago, Cullen 
family 
Yellow-Orthic 
Tenosols  
Yellow Kandosols 
Yellow deep 
sands 
Yellow sandy 
earths 
Imperfectly 
drained 
4. Lower slopes 
and flats 
Cajuput family Bleached-Orthic 
Tenosols  
Sesqui-nodular 
Tenosols 
Pale deep sands 
Gravely pale 
deep sands 
Imperfectly 
drained 
5. Depressions 
and drainage 
channels 
Cullen, Elliot and 
Hooper families 
Grey Kandosols  
Grey Chromosols 
Redoxic Hydrosols 
Pale deep sands 
Semi-wet soils 
Poorly drained 
6. Tidal flats Legune and, 
Flapper families 
Grey Vertosols 
Grey Dermosols 
Redoxic Hydrosols 
Self-mulching 
cracking clays 
Hard cracking 
clays 
Semi-wet soils 
Poorly drained 
a Landscape position numbers correspond to locations in Figure 4.1. 
Soil colour is indicative of soil profile permeability and landscape drainage. Free water 
does not persist in the Cockatoo family for more than a week after major rainfall.  
The warm, well-drained and aerated soil environment of these sands means that soil 
organic matter is rapidly oxidised, limiting the formation of organic acids. Any iron within 
the soil solution, as a result of illuviation, precipitates as ferrihydrite and then converts to 
haematite, which accounts for the red soil colour.  
Other soils — particularly the yellow-brown and grey soils of the Cajuput, Pago, Cullen 
and Elliot families — have less permeable substrates and usually have a soil depth less 
than 4m. Thus, waterlogging is likely to occur within the soil profile during the wet 
season.  
In a moist to wet soil environment, soil organic matter will accumulate, soil pH tends to 
be more acidic, and iron is more mobile. These soil conditions would favour the 
formation of yellow goethite and removal of iron from the soil profile, resulting in yellow-
grey or paler colours associated with soil leaching. McKenzie et al. (2004) describe the 
relationship between soil colour, drainage and soil depth that has been described in 
4  Soils 
17 
other regions of northern Australia. They note that although the deep Red Kandosols 
are ancient and have likely formed over 2–3 million years, their “distribution closely 
reflects contemporary hydrological conditions” (McKenzie et al. 2004).  
A similar soil distribution and hydrological relationship is evident across the Kimberley 
for geologies of different age. Furthermore, Red-Orthic Tenosols and Kandosols are 
also encountered on shallow, friable sandstone (<2m) close to brown and yellow soils 
overlying indurated bog iron ore and ferruginous sandstones. This suggests that the 
permeability of the parent material is a major determinant of site drainage and the 
colour of the overlying soils. 
4.1 Description of soil families and phases 
4.1.1 Cockatoo Sands family 
The Cockatoo Sands encountered within the survey area have formed from sediments 
of the Point Springs Sandstone and Keep Inlet formations (Bennett 2019). In the south, 
adjacent to Weaber Range, the Point Spring Sandstone Formation is also present. 
These parent materials are predominantly a siliceous sandstone containing subordinate 
sequences of red and white siltstone and water-worn pebbly to cobbly conglomerate. It 
was likely that our auger drilling intersected each rock member. We found no apparent 
affinity between the underlying rock substrate and the overlying soil. However, at the 
transition to seasonally wet areas, the soil–substrate interface was ferruginised, 
containing bog iron ore or ferruginous gravels.  
Topsoils usually have a loose to firm surface (0–5cm) of dark reddish-grey to dark 
reddish-brown (2.5YR 3/1–3/4) sand to clayey sand, overlying firm, yellowish-red, 
reddish-brown or red (10R–5YR 4/4–4/6) sand to clayey sand, and less commonly 
sandy loam. Topsoils have a very weak consistence when dry. A thin layer (<1cm) of 
loose, leached, coarse-grained sand is often seen on the soil surface where it has been 
dislodged and deposited via rainfall and sheet flow. Minor, bare patches of firm to 
hardsetting, reddish-brown clayey sand to sandy loam are associated with remnant 
termite galleries. This bioturbation is likely to account for the variation in topsoil texture. 
Below the topsoil (typically 5–30cm deep), subsoils are yellowish-red to dark-red loamy 
sand, grading to clayey sand or sandy loam. Clay content increases gradually with 
depth and light, sandy clay loam or clay loam occurs in the lower subsoil. 
The sandy earths and loamy earths belonging to the Cockatoo Sands family usually 
contain a few (2–10%) medium-sized (2–6mm) ferruginous or iron–manganese 
segregations (often called ironstone gravels). These segregations are sometimes soft, 
but more often have a nodular form with a weak to strong soil strength. The 
segregations are more common below 2m and usually occur in a matrix of sandy clay 
loam or clay loam above a sandstone basement. 
We identified four phases of the Cockatoo Sands family on the Bonaparte Plains. The 
soil texture in the upper 1.5m of the soil profile differentiated the soil phases.  
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Cockatoo Sand, normal phase 
Cockatoo Sand, normal phase soils have a dark reddish-grey to dark reddish-brown 
(2.5YR 3/1–3/4) medium- to coarse-grained loamy sand topsoil (at least 30cm deep) 
grading to yellowish-red, reddish-brown or red (10R–5YR 4/4–4/6) sandy loam within 
1m, and soil clay content may grade to light sandy clay loam within 2m (Figure 4.2). The 
more-loamy subsoils have a massive structure when dry, weak crumb when moderately 
moist, and slightly sticky consistence when wet.  
These soils are not associated with a specific landscape position, but occur more often 
where sandstone is encountered below 3m. 
This soil phase is classified as Basic Regolithic Red-Orthic Tenosols (Isbell & NCST 
2016) or Red sandy earths (Schoknecht & Pathan 2012).  
 
Figure 4.2 Cockatoo Sand, normal phase  
with a redder sandy loam subsoi l hor izon  
Cockatoo Sand, sandy phase 
Cockatoo Sand, sandy phase soils have a dark reddish-brown (Munsell soil colour 
2.5YR–5YR 3/3–3/2) loamy sand topsoil grading into a red to dark-red (2.5YR–10R 3/6–
5/6) loamy sand to clayey sand subsoil. Topsoils have a single grain to massive 
structure and a loose to very weak strength when dry. Soil texture is uniform to 2m or 
the clay content may increase gradually from sand to clayey sand (i.e. less than 10% 
clay content). Subsoils are usually massive and are very weak to weak consistence 
when dry.  
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We encountered these soils adjacent to rock outcrops on elevated, well-drained 
positions in the landscape. These soils also form a complex with brown-yellow sands 
(Pago family), especially below 50mAHD on slightly elevated areas. 
This soil phase is classified as Basic Arenic Red-Orthic Tenosols (Isbell & NCST 2016) 
or Red deep sands (Schoknecht & Pathan 2012).  
Cockatoo Sand, loamy phase 
Cockatoo Sand, loamy phase soils have a shallow loamy sand to clayey sand topsoil 
horizon, less commonly sandy loam (Figure 4.3). Sandy loam usually occurs within 
60cm and light sandy clay loam or sandy clay loam occurs within 1m. Deeper variants 
have sandy clay loam within 1.5m. The soil exhibits a weak crumb structure or it is 
massive. 
These soils are very deep and generally occur higher in the landscape, above 90mAHD. 
The soil sand fraction is heterogeneous, being fine- to coarse-grained. 
Most soils of the Cockatoo Sands family exhibit a gradual or diffuse increase in clay 
content with depth. However, this soil phase also exhibits clear textural boundaries 
between the lower topsoil (A2 horizon) and subsoil (B horizon), usually occurring at 30 
to 70cm. Soils with this morphology are more prone to sheet flow during intense rainfall. 
The typical loamy phase soils are Haplic Mesotrophic Red Kandosols (Isbell & NCST 
2016) or Red sandy earths (Schoknecht & Pathan 2012). Soils with clear textural 
boundaries with a significant contrast in texture are classified as Haplic Mesotrophic 
Red Chromosols. 
 
Figure 4.3 Cockatoo Sand, loamy phase with  
sandy loam subsoi l at 15cm 
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Cockatoo Sand, gravelly phase 
Cockatoo Sand, gravelly phase soils contain common to abundant ironstone gravel 
within the upper 1m of the soil profile. These soils are not common on the Bonaparte 
Plains. Where they do exist, they are generally only around sandstone outcrops where 
they support a denser shrubland (Figure 4.4). They can also occur in transitional areas 
with Pago soils (see Section 4.1.2) or adjacent to seepage zones that occur in drainage 
lines and border the tidal flats.  
Topsoils are dark reddish-brown (Munsell soil colour 2.5YR–5YR 3/3–3/2) loamy sand 
grading to clayey sand or sandy loam. Variable amounts of ferruginous gravel and 
ironstone cap rock boulders may occur on the soil surface or within the topsoil. Gravelly 
subsoil horizons that usually occur within 1m have a sandy loam to sandy clay loam 
matrix that may exhibit paler red or yellow-brown mottling. This mottling indicates short 
periods of subsoil saturation. 
This soil phase is classified as Basic Ferric Red-Orthic Tenosols, Basic Ferric 
Bleached-Orthic Tenosols, Basic Regolithic Sesqui-Nodular Tenosols or Ferric 
Mesotrophic Red Kandosols (Isbell & NCST 2016), or Red deep sands and Red sandy 
earths (Schoknecht & Pathan 2012).  
 
Figure 4.4 Cockatoo Sand, gravelly phase on the  
break of  slope 
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4.1.2 Pago family 
Pago soils are commonly sands with a yellow-brown subsoil. Pago soils have similar 
soil morphology to Cockatoo Sands, but are less well drained. During the wet season, 
part of the soil profile is periodically saturated and a watertable can develop within 1m. 
During the dry season, free water can be encountered within 2.5m in lower slopes and 
depressions (Smolinski et al. 2010). 
On the Bonaparte Plains, Pago soils are encountered where underlying sandstone, 
ferruginous pans (bog iron ore) or clay layers are encountered within 3m or on lower 
positions in the landscape that receive run-on or seepage. In both scenarios, part of the 
subsoil is saturated during the wet season and remains moist for a longer period than 
Cockatoo Sands. Subsoil saturation and redox reactions result in the removal and 
illuviation of iron-oxides and the formation of ironstone segregations and bog iron ore 
pans over the underlying clay or sandstone.  
Topsoil horizons are commonly very dark to dark greyish-brown (10YR 3/2-4/2) sand or 
loamy sand that grades to light yellowish brown or brownish yellow (10YR 5/4–6/4) 
loamy sand by 20cm. The lower topsoil horizons (A2 or A3) of wetter variants are more 
yellow to grey (2.5Y–10YR 6/2–7/4). Subsoil colours grade down the profile from strong 
brown, to yellowish brown, to brownish yellow, to light yellowish brown, to olive yellow, 
in response to increasingly wetter conditions. Lower subsoil colours are paler within the 
seasonal saturated layer.  
In transitional areas adjacent to Cockatoo Sands, yellow-brown sands may overlie 
yellowish-red clayey sands that may contain ferruginous gravels within 1m.  
Soil texture may increase gradually with depth, although uniform loamy sands that 
extend below 2m are most common. Clayey sand or sandy loam horizons containing 
ferruginous segregations or bog iron ore gravels usually occur within the lower subsoil. 
Mottled, yellow-grey or yellowish-red clay loam or clay occurs below the gravels, 
overlying sandstone commonly encountered at about 3m deep. 
The two phases of the Pago family — Pago sand, normal phase and Pago sand, loamy 
phase — are distinguished by their soil texture. These two phases are described below. 
Pago sand, normal phase 
Pago sand, normal phase soils are more common in the survey area than the loamy 
phase and are typical of Pago soils described in other soil surveys. They have deep, 
uniform sand to loamy sand soil profiles with loamy substrates occurring below 2m. 
Subsoil colour ranges between strong brown (7.5YR 5/6–5/8) to yellowish brown (10YR 
6/6–6/8 and 10YR 5/6–5/8).  
These soils are classified as Basic Arenic Brown-Orthic Tenosols (Figure 4.5) or Basic 
Arenic Yellow-Orthic Tenosols (Isbell & NCST 2016), or Yellow deep sands and Brown 
deep sands (Schoknecht & Pathan 2012).  
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Figure 4.5 Pago sand (Basic Arenic  
Brown-Orthic Tenosol)  
Pago sand, loamy phase 
Pago sand, loamy phase soils are not common on the Bonaparte Plains. 
The upper 50cm of the soil profile is similar to Pago sand, normal phase. However, 
subsoils within 1m have either a clayey sand or sandy loam texture. Below 1m, the 
profile is more yellow and clay content gradually increases to sandy loam or light sandy 
clay loam by about 1.2–1.5m. Soft to hard ferruginous segregations are usually present 
within the loamy horizons with pale yellow and red mottles. Mottled sandy clay loam 
may occur within 2m and grey-yellow mottling is evident in wetter areas. Topsoils and 
subsoils are more coherent and compact than Pago sand, normal phase, while subsoils 
are usually massive and display an earthy fabric.  
These soils are classified as Mottled Mesotrophic Brown Kandosols (Isbell & NCST 
2016) or Brown sandy earths (Schoknecht & Pathan 2012).  
Wetter Pago soils intergrade with Cajuput soils, particularly on the periphery of drainage 
lines. Pago sand, loamy phase intergrades with Cullen and Elliot family soils (Stewart et 
al. 1956). 
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4.1.3 Cajuput family 
Cajuput soils are associated with lower slopes, flats and drainage depressions. They 
are invariably leached, exhibiting pale soil horizons, and can remain wet for several 
months during the wet season. These soils are highly variable in depth, soil texture and 
gravel content. Dixon and Petheram (1979) mention that Cajuput is a local name for 
areas supporting Melaleuca species, which are conspicuous indicators of the wetter 
soils. The main diagnostic feature of Cajuput soils is that they are paler and more poorly 
drained than Pago soils. 
Cajuput topsoils have very dark grey (2.5Y-10YR 3/1) sands or humic sands, overlying 
light greyish-brown, pale yellow or pale brown (2.5Y-10YR 6/2-7/4) sand or weak loamy 
sand. Yellow, brownish-yellow or pale-brown (10YR 6/3-6/8) mottled sand is usually 
encountered below 50cm. Few to abundant ferruginous gravels usually occur within the 
soil profile and yellow-grey mottled sandy clay loams or clays occur within the deeper 
subsoil and overlie weathered sandstone. The topsoil horizons are generally loose to 
weakly coherent and structureless with a sandy fabric. Soils subject to inundation 
contain variable amounts of powdery amorphous silica or opaline silica that develops 
through solution and precipitation of quartz and plant silicates. These soils exhibit a 
sticky consistence when saturated.  
During the dry season, moist soil horizons or a watertable occur within 3m and often by 
2m. In the wet season, free water is likely to occur within 1m. Erosion gullies readily 
form along fencelines and cattle tracks once the soil profile becomes saturated. 
Cajuput soils are classified as Basic Arenic Bleached-Orthic Tenosols and Basic Arenic 
Yellow-Orthic Tenosols (Isbell & NCST 2016), or Pale deep sands (Schoknecht & 
Pathan 2012). Soils containing ferruginous gravels are commonly classified as 
Bleached Paralithic Sesqui-Nodular Tenosols (Isbell & NCST 2016).  
4.1.4 Cullen, Elliot, Flapper and Hooper family: gradational and texture-contrast 
(duplex) soils 
These soils are not extensive within the Bonaparte Plains. The Cullen and Elliot soils 
are similar to the Pago sand, loamy phase and occur on similar landscape positions, 
usually restricted to dissected lower slopes, drainage benches and flats. Soil profiles are 
usually classified as Grey Kandosols or Kandosolic Redoxic Hydrosols (Isbell & NCST 
2016) that show a gradual increase in clay content. The Flapper and Hooper families 
(Stewart 1956 and Stewart et al; 1970) are yellow-grey mottled gradational and texture-
contrast (duplex) soils, which are less common on the Bonaparte Plains and mainly 
confined to incised areas, drainage lines and flats that border the tidal flats.  
Dixon and Petheram (1979) specify that the Cullen soils have 7.5YR hues. However, 
Stewart (1956) specify yellower hues within the family. Similarly, Elliot family soils are 
yellow-brown with 10YR hues (Dixon & Petheram 1979), while Stewart (1956) mention 
yellow-grey soil. From our experience in the Kununurra area, Pago soil map units 
commonly contain yellowish-brown sands, Cullen soils have sandy loam to light sandy 
clay loam textures within 1m, while Elliot soils have shallower, sandy clay loam subsoils 
(Figure 4.6). 
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Topsoils are generally very dark to dark greyish-brown (2.5Y-10YR 3/2-4/2) clayey sand 
overlying pale brown to yellow (2.5Y-10YR 6/3-7/6) or grey (2.5Y-10YR 6/1) mottled 
sandy loam to sandy clay loam. Mottled sandy clay can be encountered within 1m and 
variable amounts of bog iron ore gravel occur directly above or within a subsoil clayey 
matrix. Shallow sandstone or iron-silica hardpans occur below the clay subsoil. 
Soil profiles are slightly acid to neutral, although occasionally the subsoils are slightly 
alkaline to alkaline when associated with pedogenic lime. These soils are imperfectly 
drained to poorly drained and are subject to periodic waterlogging and inundation. It is 
likely that these soils have developed from truncated Cockatoo Sand subsoil horizons 
that were reworked from stream incision and deposition under cyclic oxidation-reducing 
conditions. The more poorly drained topsoils contain amorphous or biogenic silica, 
which is indicated by a massive and sticky consistence when wet.  
The clayey subsoils may show sodic properties — clay dispersion and soapy 
consistence — and overlie shallow sandstone or iron-silica hardpans.  
These variable soils include Bleached Mesotrophic Grey Kandosols, Bleached-Sodic 
Mesotrophic Grey Chromosols, Bleached-Magnesic Chromosolic Redoxic Hydrosols 
and Bleached-Magnesic Kandosolic Redoxic Hydrosols (Isbell & NCST 2016). Most of 
these soils are Grey sandy earths or Wet soils (Schoknecht & Pathan 2012). 
 
Figure 4.6 El l iot soil prof i le with  
ferruginous gravel (ferr ic hor izon) 
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4.1.5 Legune family (cracking clays) 
These soils are of minor extent and associated with a relict embayment that extends to 
tidal flats. This area is characterised by near level, treeless plains and gilgai microrelief, 
and is usually waterlogged during the wet season. The soils are grey cracking clays that 
exhibit a self-mulching surface within gilgai depressions and a moderate to strong 
coarse, angular structure on the gilgai mounds. 
Topsoil horizons are very dark greyish-brown (2.5Y-10YR 3/2) clay loam to light clay, 
overlying dark greyish-brown, light to medium clay that contains few lime nodules. 
Deeper subsoils are light-olive grey to olive (5Y 6/2-5/4) light clays, with a common 
occurrence of lime nodules.  
Upper soil horizons are non-saline with a slightly acid to neutral soil pH of 6.0–7.0. 
Subsoils below 60cm are alkaline with a pH of 8.5, and slightly saline with an electrical 
conductivity of 30–80 millisiemens per metre (mS/m) in a 1:5 soil:water solution. 
These soils correspond to the Legune family (Stewart et al. 1970). They are classified 
as Endocalcareous Self-mulching Grey Vertosols and Endocalcareous Epipedal Grey 
Vertosols (Isbell & NCST 2016), or Self-mulching cracking clays and Hard cracking 
clays (Schoknecht & Pathan 2012). Soils with clay loam or loam topsoil horizons are 
Vertic Supracalcic Grey Dermosols (Isbell & NCST 2016). 
Bonaparte Plains land capability assessment 
26 
5 Soil profile analysis 
Ten representative soil profiles of the Cockatoo, Pago and Elliot families were sampled 
for chemical and physical analyses. Table 5.1 contains a summary of selected analyses 
and Appendix D provides a full description of each soil profile. An overview of the soil 
chemical and physical properties follows. 
5.1 Soil pH 
Cockatoo Sands have a neutral soil reaction trend (Northcote 1979) where soil pH is 
slightly acid to neutral within the topsoil and subsoil (pH in the range of 6.5 to 7.2), 
which indicates plant nutrients are readily available and optimum for plant growth. The 
Pago soils and other less well-drained soils have a similar soil reaction trend. The 
imperfectly drained Kandosols and Chromosols with sodic subsoils, associated with the 
Cullen, Elliot and Hooper families have neutral to alkaline subsoils that can be attributed 
to alkaline salts and pedogenic lime. 
5.2 Soil organic carbon 
Most soils with coarse textured topsoil horizons contain very low levels of soil organic 
carbon (SOC). In particular, Cockatoo Sands topsoil horizons (0–10cm) contain 0.3% 
SOC and lower topsoils contain 0.1–0.2%; subsoils usually have 0.1%.  
5.3 Phosphorus buffering index and nutrient retention 
Phosphorus buffering index (PBI) values listed in Table 5.1 and Phosphorus Retention 
Index values listed in Appendix D indicate a soil’s capacity to fix phosphorus (Bolland & 
Windsor 2007). Typically, the sand to clayey sand topsoil horizons have an extremely 
low PBI. Although PBI increases within the sandy loam and sandy clay loam subsoils, 
the values are still very low (<70). Even though Cockatoo Sands have very low PBI 
values, the risk of phosphorus leaching is negligible because the depth of the soil profile 
often exceeds 5m. In the case of Pago soils the phosphorus leaching risk is high as 
watertables may occur within 2m during the wet season. 
Colwell Phosphorus and Potassium levels are both very low which indicates the soils 
are strongly weathered and are deficient in macro-nutrients. 
5.4 Exchangeable basic cations 
Cockatoo Sands and Pago soils are strongly weathered soils with a low clay content. 
The clay mineralogy is dominated by kaolin and the cation exchange capacity of these 
soils is low (Isbell 1986).  
Calcium is the dominant basic cation within the topsoil (0–10cm), while magnesium is 
usually dominant in the lower topsoil. Magnesium to calcium ratios in the sandy loam to 
sandy clay loam subsoils increase with depth and are in the range of 2 to 25. High 
exchangeable magnesium within the subsoil may reflect the higher bulk density and 
relatively lower permeability of the subsoil. 
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5.5 Soil electrical conductivity 
All Cockatoo Sands have very low EC values. EC values of less than 10mS/m (1:5 
soil:water solution) were recorded throughout the soil profile and for all soil textures. 
The low EC attests to the high permeability of the soil and the underlying parent rock. 
Field tests show inherent soil salinity greater than 50mS/m was encountered within the 
lower subsoil of the grey cracking clays in the cracking clays of the Legune family, and 
within sandy duplex (Brown to Grey Chromosols and Kandosols) occurring in low-lying 
areas. 
Table 5.1 Chemical analyses for typical Cockatoo Sands and Pago soi ls  
Soil type 
Sample 
depth (cm) 
pH level 
(H2O) SOC (%) PBI 
Colwell 
Phosphorus 
(mg/kg) 
Colwell 
Potassium 
(mg/kg) 
Exchangeable cations 
(meq/100g) 
Ca Mg K Na 
Cockatoo 
Sand, normal 
phase  
0–15 6.9 0.30 14.3 <2 20 0.59 0.35 0.05 <0.01 
90–120 7.0 0.05 25.4 <2 21 0.31 0.62 0.04 0.01 
Cockatoo 
Sand, loamy 
phase 
0–20 6.7 0.30 12.0 <2 34 0.71 0.43 0.06 0.01 
90–120 6.7 0.10 50.0 <2 23 0.51 1.34 0.04 0.02 
Pago sand, 
loamy phase  
0–15 6.7 0.30 12.8 <2 20 0.70 0.27 0.04 0.02 
110–130 6.6 0.10 51.7 <2 <15 0.50 1.32 0.03 0.01 
PBI = phosphorus buffering index; H2O = water; SOC = soil organic carbon; Ca = calcium;  
Mg = magnesium; K = potassium; Na = sodium 
5.6 Soil particle size 
Clay content in most Cockatoo Sands increases gradually with depth. These soils 
usually have loamy sand to clayey sand topsoil textures corresponding to a clay content 
of 4–10%. Subsoils grade to clay loam, sandy clay or, less commonly, to light clay with 
a maximum clay content of 36%. This trend is similar for Pago soils.  
The sand fraction is predominantly coarse-grained, while the fine sand component is 
usually less than 17%. Silt content is generally less than 3% throughout the soil profile. 
5.7 Hydraulic properties 
Unsaturated and saturated hydraulic conductivity (Ksat) tests were carried out on 
Cockatoo Sands topsoil and subsoil horizons adjacent to soil sampling sites 1025 and 
1026, and a Cullen subsoil horizon adjacent to soil sampling site 1029 (see Appendix E 
for soil sampling site coordinates). Mean Ksat and soil bulk density values are listed in 
Table 5.2. Loamy sand to clayey sand topsoil horizons had a Ksat value exceeding 
3 metres per day (m/d). Ksat values for Cockatoo Sands and Cajuput subsoil horizons 
were also high but relatively lower, as the subsoils are typically massive and denser. 
Infiltration rates are within the soil texture range (National Committee on Soil and 
Terrain 2009).  
Studies of horticulture development in the West Kimberley indicate that once Cockatoo 
Sands are developed for irrigated agriculture, Ksat values will reduce markedly within 
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the topsoil horizons as a result of decomposing plant roots and increasing soil 
compaction from traffic (Smolinski et al. 2016). Furthermore, the low calcium-to-
magnesium ratios of the Cockatoo Sands increase the risk of soil compaction. 
Table 5.2 Soil bulk density and mean f ield hydraul ic conduct ivity for  
Cockatoo Sands and Cul len topsoi ls and subsoi ls  
Soil type 
Mean hydraulic 
conductivity (m/d) 
Bulk density 
(Mg/m3) 
Cockatoo family – topsoil (loamy sand to 
clayey sand) 
3–7a 1.40–1.68 
Cockatoo family – subsoil (sandy loam to 
sandy clay loam) 
0.33–1.66b 1.66–1.82 
Cullen topsoil (clayey sand) 3–7a 1.50–1.60 
Cullen subsoil (sandy clay loam) 0.26b 1.77 
Mg/m3 = megagrams per cubic metre 
a unsaturated hydraulic conductivity 
b saturated hydraulic conductivity 
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6 Vegetation associations 
Vegetation associated with Cockatoo Sands and Pago soils is typically open to very 
open woodland dominated by Eucalyptus and/or Corymbia species. Species diversity is 
high on the wetter soils, particularly within the areas of Cajuput soils. 
General soil–vegetation associations discovered in the survey area are described 
below. 
6.1 Cockatoo Sands 
Cockatoo Sands generally support emergent Eucalyptus tetrodonta and E. miniata. The 
second stratum contains Erythrophleum chlorostachys (ironwood), Acacia tumida, 
A. platycarpa, Grevillea agrifolia, G. pteridifolia, Petalostigma pubescens (quinine tree) 
and Owenia vernicosa. Spinifex species, particularly Triodia bitextura (curly spinifex), 
dominate the lower stratum, while Sorghum stipoideum (cane grass) and Chrysopogon 
fallax (ribbon grass) are more scattered or locally dominant. 
An open woodland vegetation structure, or woodland with E. tetrodonta as the dominant 
emergent species, with a sparse second stratum and with Brachychiton tuberculatus 
(large leaf kurrajong) occurring in the understorey, generally indicates Cockatoo Sand, 
loamy phase (Figure 6.1). 
E. tetrodonta either forms pure stands or grows in association with E. miniata, which 
rarely occurs as the dominant species or in pure stands. E. miniata or Grevillea species 
are more common in areas with ironstone gravel substrates. 
Livistona eastonii (fan palm) occurs sporadically in the northern half of the survey area, 
while Callitris intratropica (cypress pine) occurs in scattered pockets throughout the 
survey area. 
 
Figure 6.1 Eucalyptus tetrodonta  woodland on Cockatoo Sand,  
loamy phase 
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6.2 Pago soils 
Pago soils can carry a similar vegetation structure as Cockatoo Sands, although 
woodlands on Pago soils are not as tall and tend to be more open. There is a greater 
diversity of second stratum and understorey species and Pago soils typically carry more 
grasses (Figure 6.2). 
Eucalyptus tetrodonta, while present, is not always the dominant tree species. It often 
forms an association with Corymbia foelscheana (smooth bark bloodwood), 
C. ferruginea or E. confertiflora, while E. miniata and Erythrophleum chlorostachys 
(ironwood) are more conspicuous. Livistona eastonii (fan palm) has a scattered 
occurrence, while Acacia tumida and A. platycarpa are more common. 
 
Figure 6.2 Very open woodland on Pago sand,  
normal phase with fan palm in the foreground 
Pago soils with watertables within 2m during the survey — therefore appearing to be the 
most prone to waterlogging — rarely carry E. tetrodonta or E. miniata. These wetter 
areas have Melaleuca viridiflora, C. ferruginea, E. confertiflora, C. foelscheana (smooth 
bark bloodwood), E. polycarpa, Gyrocarpus americanus (helicopter tree) as common 
emergent species. Platyzoma microphyllum (braid fern) and Blumea species also 
indicate wetter areas. Clumps of Pandanus species usually occur within this 
association, although Pandanus species also occur sporadically on other soils, including 
Cockatoo Sands, where rock occurs closer to the surface. 
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6.3 Cajuput soils 
The waterlogging-prone Cajuput soils are characterised by the common occurrence of 
Melaleuca species within the upper- and mid-stratum (Figure 6.3). Apart from the 
common occurrence of Melaleuca species, the composition is comparable to Pago 
soils. 
6.4 Cullen, Elliot and sandy duplex soils 
These wetter soils carry similar species to Cajuput soils and include Eucalyptus tectifica 
with an understorey of Themeda australis (kangaroo grass), Brachychiton tuberculatus 
(large leaf kurrajong), Erythrophleum chlorostachys (ironwood), Corymbia foelscheana, 
C. grandifolia, Grevillea striata (beefwood), E. bigalerita, E. confertiflora, Melaleuca 
minutifolia, M. viridiflora and Hakea lorea (Figure 6.3).  
a)  b)  
Figure 6.3 a) Melaleuca woodland on Cajuput soils; b) Corymbia foelscheana  
on Ell iot soi l (Grey Kandosol)  
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7 Soil map units 
The soil map units within the survey area are shown in Figure 7.1.  
 
Figure 7.1 Soi l map units of  the Bonaparte Plains 
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The soil map units are named after the dominant soil phase or significant soil family 
within the map unit. At the scale of mapping, the map units usually represent the 
dominant soil and several secondary soils that occur together as a complex. For 
example, the Cockatoo Sand, normal phase (CS1) soil map unit is mainly composed of 
sandy earths and sands belonging to the Cockatoo family, but may also contain minor 
or secondary associated soils (Pago) and minor inclusions of rock outcrop. 
The soil map units and component soil types are classified to Australian Soil 
Classification (ASC) and WA soil groups (Schoknecht & Pathan 2012). In the following 
sections, the soil map units are briefly described, along with the relative percentage 
components of the various soil types. 
7.1 Cockatoo Sand, normal phase (CS1) 
This soil map unit covers 5647ha (10%) of the survey area. The soils are predominantly 
sandy earths with sandy loam subsoils within 1.5m and are associated with slopes 
ranging from 0% to 3%. Cockatoo Sand, loamy phase and Cockatoo Sand, sandy 
phase are secondary soils with minor Pago soils (Table 7.1). Soil profiles are generally 
deep, although rare rock outcrops and shallow soils may be present over small areas.  
This soil map unit has a low to moderate water erosion hazard. Strip planting and cover 
cropping should be part of the soil management system, and grade banks are generally 
required on long slopes, particularly when slope is greater than 1%.  
Table 7.1 Soils of  Cockatoo Sand, normal phase map unit  (CS1)  
Soil phase or family Australian Soil Classification WA soil group Proportion (%) 
Cockatoo Sand, 
normal phase 
Basic Regolithic Red-Orthic 
Tenosols 
Red deep sand 70 
Cockatoo Sand, 
loamy phase 
Haplic Mesotrophic Red Kandosols Red sandy earth 15 
Cockatoo Sand, 
sandy phase 
Basic Arenic Red-Orthic Tenosols Red deep sand 5 
Pago family Basic Lithic Brown-Orthic Tenosols Brown deep sand  5 
Pago family Basic Arenic Bleached-Orthic 
Tenosols 
Pale deep sand 3 
Cockatoo Sand, 
gravelly phase 
Basic Lithic Sesqui-Nodular 
Tenosols 
Sandy gravels 2 
7.2 Cockatoo Sand, loamy phase and Cockatoo Sand, normal phase 
(CS2) 
This is the main soil map unit, covering 29 300ha (53%) of the survey area. It is 
associated with crests and upper slopes on the Bonaparte Plains or on low rises, 
occurring on lower slopes where sandstone was not encountered within 5m. The soils 
are predominantly red sandy earths with sandy loam to light sandy clay loam horizons 
within 1m (Table 7.2). The areas are very well drained and seasonal watertables were 
not encountered. 
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This soil map unit has a low to moderate water erosion hazard. Strip planting and cover 
cropping should be part of the soil management system, and grade banks are generally 
required on long slopes, particularly when slope is greater than 1%.  
Table 7.2 Soils of  Cockatoo Sand, loamy phase and Cockatoo Sand, normal 
phase map unit  (CS2) 
Soil phase or family Australian Soil Classification WA soil group Proportion (%) 
Cockatoo Sand, 
loamy phase 
Haplic Mesotrophic Red 
Kandosols 
Red sandy earth 60 
Cockatoo Sand, 
normal phase 
Basic Regolithic Red-Orthic 
Tenosols 
Red deep sand 30 
Cockatoo Sand, 
sandy phase 
Basic Arenic Red-Orthic 
Tenosols 
Red deep sand 5 
Pago family Basic Lithic Brown-Orthic 
Tenosols 
Brown deep sand 4 
Pago family Basic Arenic Bleached-Orthic 
Tenosols 
Pale deep sand 1 
7.3 Pago sand, normal phase and Cockatoo Sand, sandy phase (PG1) 
This soil map unit covers 3517ha (6%) of the survey area. It is associated with mid- to 
low-slopes. Usually, there is a subtle change in slope and topsoil colours are browner. 
Soils are predominantly brown and red sandy earths with loamy sand topsoil texture 
(Table 7.3). Bedrock rock is likely to be within 5m. The soils within this map unit are very 
well drained to moderately well drained. Scattered areas of Pandanus species (palm) 
can be associated with paler soils that are likely to develop perched watertables during 
the wet season. Most of this soil map unit is suitable for irrigated agriculture 
development. The variable slope, loose sandy topsoil and patches of waterlogged soil 
associated with shallow bedrock or the ‘break of slope’ are moderate limitations. 
Table 7.3 Soils of  Pago sand, normal phase and Cockatoo Sand, sandy phase 
map unit  (PG1)  
Soil phase or family Australian Soil Classification WA soil group Proportion (%) 
Pago sand, normal 
phase 
Basic Lithic Brown-Orthic 
Tenosols 
Brown deep sand  30 
Cockatoo Sand, 
sandy phase 
Basic Arenic Red-Orthic 
Tenosols 
Red deep sand 20 
Pago sand, normal 
phase 
Basic Arenic Brown-Orthic 
Tenosols 
Brown deep sand 20 
Cockatoo Sand, 
normal phase 
Basic Regolithic Red-Orthic 
Tenosols 
Red deep sand 10 
Cullen family Haplic Mesotrophic Brown 
Kandosols 
Brown loamy earth 10 
Pago family Basic Arenic Bleached-
Orthic Tenosols 
Pale deep sand 10 
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7.4 Pago sand, normal phase and Rock (PG2) 
This soil map unit covers 1223ha (2%) of the survey area. It occurs west of the main 
drainage divide on mid- to low-slopes and below breakaways. The land is very gently 
inclined to gently inclined and is usually dissected by several drainage lines. Soils are 
predominantly yellow-brown sands and sandy earths with rock substrate occurring 
within 2m (Table 7.4). Sandy duplex soils with brown-yellow and grey subsoils are 
associated with the flow lines. Minor areas of rock outcrops occur on low rises and 
within the drainage lines. The gently inclined slopes and shallow rock would preclude 
most of this area from agricultural development. 
Table 7.4 Soils of  Pago sand, normal phase and Rock map unit  (PG2) 
Soil phase or family Australian Soil Classification WA soil group Proportion (%) 
Pago sand normal 
phase 
Basic Lithic Brown-Orthic 
Tenosols 
Brown deep sand 40 
Rock outcrop No classification Bare rock 20 
Pago/Cajuput family Basic Arenic Bleached-Orthic 
Tenosols 
Pale deep sand 20 
Cockatoo Sand, 
sandy phase 
Basic Arenic Red-Orthic 
Tenosols 
Red deep sand 10 
Cullen family Bleached Mesotrophic Brown 
Chromosols 
Brown deep sandy 
duplex 
5 
Cockatoo Sand, 
loamy phase 
Haplic Mesotrophic Red 
Kandosols 
Red sandy earth 5 
7.5 Pago sand, normal phase and Sandy duplex (PG3) 
This soil map unit covers 1204ha (2%) of the survey area. It is similar to PG2, but 
contains less rock outcrop and incised drainage lines are more significant. Soils are 
predominantly yellow-brown sands and sandy earths with rock substrate occurring 
within 2m (Table 7.5). Sandy duplex soils with brown-yellow and grey subsoils are 
associated with the drainage lines. Minor areas of rock outcrop occur on low rises and 
within the drainage lines. The gently inclined slopes and shallower seasonally saturated 
soils along drainage lines would be prone to a high to very high water erosion risk if 
developed. 
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Table 7.5 Soils of  Pago sand, normal phase and Sandy duplex map unit  (PG3) 
Soil phase or family Australian Soil Classification WA soil group Proportion (%) 
Pago sand, normal 
phase 
Basic Lithic Brown-Orthic 
Tenosols 
Brown deep sand 30 
Pago/Cajuput family Basic Arenic Bleached-Orthic 
Tenosols 
Pale deep sand 20 
Cockatoo Sand, sandy 
phase 
Basic Arenic Red-Orthic 
Tenosols 
Red deep sand 15 
Sandy duplex Bleached Mesotrophic Brown 
Chromosols 
Yellow-brown deep 
sandy duplex 
10 
Rock outcrop No classification Bare rock 10 
Pago sand, normal 
phase 
Basic Arenic Brown-Orthic 
Tenosols 
Brown deep sand 10 
Cockatoo Sand, loamy 
phase 
Haplic Mesotrophic Red 
Kandosols 
Red sandy earth 5 
7.6 Pago sand, normal phase and Cajuput sand (PG4) 
This soil map unit covers 817ha (1.5%) of the survey area and is associated with lower 
slopes. Soils are predominantly deep sands, usually with brown-yellow and light 
yellowish-brown or very pale brown to light greyish-brown, conspicuously bleached A2 
horizons overlying yellow-brown loamy sand to sandy loam subsoils (Table 7.6). 
Ferruginous gravel layers occur within the subsoil. The soils are moderately well 
drained to imperfectly drained and free water is likely to be encountered within 2m 
during the wet season. 
Waterlogging/inundation hazard, nutrient export risk and soil salinity are moderate to 
major limitations within this soil map unit. Areas of Pago sand, normal phase have a fair 
to low capability for annual horticulture and fodder cropping. 
Table 7.6 Soils of  Pago sand, normal phase and Cajuput sand map unit  (PG4)  
Soil phase or family Australian Soil Classification WA soil group Proportion (%) 
Pago sand, normal 
phase 
Basic Arenic Brown-Orthic 
Tenosols 
Brown deep sand 30 
Cajuput family Basic Lithic Sesqui-Nodular 
Tenosols 
Sandy gravels 20 
Cajuput family Basic Arenic Bleached-Orthic 
Tenosols 
Pale deep sand 20 
Pago sand, normal 
phase 
Basic Arenic Yellow-Orthic 
Tenosols 
Yellow deep sand 15 
Cajuput family Basic Lithic Brown-Orthic 
Tenosols 
Brown deep sand 10 
Cullen family Bleached Mesotrophic Brown 
Kandosols 
Brown deep sand 5 
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7.7 Cajuput sand and Pago sand, normal phase (CJ1) 
This soil map unit covers 3153ha (6%) of the survey area. It is similar to the PG4 map 
unit but occurs lower in the landscape and pale Cajuput sands are more common. Soils 
are predominantly deep sands with pale brown to light yellowish-brown or very pale 
brown to light greyish-brown, conspicuously bleached A2 horizons overlying yellow-
brown loamy sand to sandy loam subsoils (Table 7.7). Colour hues in the subsoil 
horizons are commonly 10YR–2.5Y. Ferruginous gravel layers and mottling in the soil 
profile is a common feature within the lower subsoils. The soils are moderately well 
drained to imperfectly drained and free water is likely to be encountered within 2m 
during the wet season.  
Waterlogging/inundation hazard, nutrient export risk and soil salinity are moderate to 
major limitations within this soil map unit. Irrigated agriculture, under standard 
management systems is unlikely to be sustainable. 
Table 7.7 Soils of  Cajuput sand and Pago sand, normal phase map unit  (CJ1)  
Soil phase or family Australian Soil Classification WA soil group Proportion (%) 
Cajuput family Basic Arenic Bleached-Orthic 
Tenosols 
Pale deep sand 40 
Pago sand, normal 
phase 
Basic Arenic Yellow-Orthic 
Tenosols 
Yellow deep sand 20 
Pago sand, loamy 
phase 
Bleached Mesotrophic Yellow 
Kandosols 
Yellow sandy 
earth 
10 
Cajuput family Basic Lithic Sesqui-Nodular 
Tenosols 
Sandy gravels 10 
Cajuput/Elliot family Redoxic Hydrosols Semi-wet soils 10 
Pago/Cullen family Basic Regolithic Brown-Orthic 
Tenosols 
Brown deep sand 10 
7.8 Cajuput sand (CJ2) 
This soil map unit covers 6430ha (12%) of the survey area. It is associated with lower 
slopes, flats and open drainage depressions that very gently grade to the tidal mudflats. 
Shallow, incised drainage lines and seasonal seepage areas are common. Melaleuca 
species are conspicuous in these areas and indicate seasonal or permanently moist 
conditions. Soils are predominantly deep sands with pale brown to light yellowish-brown 
or very pale brown to light greyish-brown, conspicuously bleached A2 horizons 
overlying yellow-grey loamy sand to sandy clay loam subsoils (Table 7.8). Colour hues 
in the subsoil horizons are commonly 2.5Y, while wetter areas have 5Y or gley hues. 
Wetter soils have rusty mottling throughout the soil profile, which indicates significant 
periods of soil saturation. Dark red-brown ferruginous segregations are common 
features of the subsoil. The soils are generally imperfectly drained and free water is 
likely to be encountered within 2m during wet seasons.  
Waterlogging/inundation hazard, nutrient export risk and soil salinity are moderate to 
major limitations within this soil map unit. Irrigated agriculture, under standard 
management systems is unlikely to be sustainable.  
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Table 7.8 Soils of  Cajuput sand map unit  (CJ2) 
Soil phase or family Australian Soil Classification WA soil group Proportion (%) 
Cajuput family Basic Arenic Bleached-Orthic 
Tenosol 
Pale deep sand 35 
Cullen/Elliot  Bleached Mesotrophic Yellow 
and Grey Kandosols 
Pale deep sand or 
grey sandy earths 
25 
Cullen/Elliot/Hooper Kandosolic and Chromosolic 
Redoxic Hydrosols 
Semi-wet soils 20 
Cajuput Basic Lithic Sesqui-Nodular 
Tenosol 
Sandy gravels 10 
Pago/Cullen Basic Regolithic Brown-Orthic 
Tenosol 
Brown deep sand 5 
Pago sand, normal 
phase 
Basic Arenic Yellow–Orthic 
Tenosol 
Yellow deep sand 5 
7.9 Cracking clays (CC) 
This soil map unit covers 3008ha (6%) of the survey area. It is part of the Legune Land 
System and is described as an estuarine-deltaic plain (Stewart et al. 1970). Gamma 
radiometrics and the digital soil map delineated the clays from the surrounding sands. 
Cracking clays are associated with a likely palaeo-embayment which developed during 
a past high sea level stand that reached 35–40mAHD. The area was contiguous with 
tidal flats but is now separated by thin sandsheets and low cheniers. A drainage line 
dissects the northern side of the plain and a spring is located on the south-east side.  
Soils are predominantly grey cracking clays similar to the Legune family (Stewart et al. 
1970). Grey clays with a shallow topsoil of sandy loam or clay loam are also included. 
There are also areas of pale, leached sand overlying a grey clay substrate at variable 
depth (Table 7.9).  
This unit is seasonally wet and subject to run-on, which limits irrigation potential, 
although it has potential for cropping summer hay and fodder.  
Table 7.9 Soils of  Cracking clays map unit  (CC) 
Soil phase or family Australian Soil Classification WA soil group Proportion (%) 
Legune family  Vertic Supracalcic Grey 
Dermosol 
Alkaline grey shallow 
loamy duplex 
30 
Legune family Endocalcareous Self-
mulching Grey Vertosol  
Self-mulching 
cracking clay 
25 
Legune family Endocalcareous Epipedal 
Grey Vertosol  
Hard cracking clay 25 
Hooper and Flapper 
family 
Kandosolic, Chromosolic and 
Sodosolic Redoxic Hydrosols 
Semi-wet soils 15 
Pago family Basic Arenic Brown-Orthic 
Tenosols 
Brown deep sand 5 
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7.10 Wet areas (W) 
This soil map unit covers 664ha. It represents groundwater-dependant ecosystems — 
permanent wetlands and springs — that occur at the interface between the sandplain 
and tidal flats or within drainage lines. They are recognised in this survey as areas of 
high biological diversity and are culturally significant to the traditional owners. 
These areas are unsuitable for irrigated agriculture and require protection from 
agricultural development through provision of adequate buffers. 
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8 Depth to bedrock  
Significant areas of shallow rock and rock outcrop were excluded from the survey area. 
In the areas of Cockatoo Sands, shallow bedrock is uncommon and not a significant 
limitation to irrigated agriculture. However, the permeability of underlying sandstone 
influences soil drainage. During the wet season, particularly after major rainfall — after 
100mm when the soil profile is near saturation —, shallow soil profiles (<3m) can be 
temporarily saturated, thereby limiting management operations. 
Soil saturation is a typical characteristic of leached or paler sands (Cajuput and Pago 
soils) as they are often associated with areas of shallow rock, particularly on level 
terrain or in open drainage depressions. Figure 8.1 shows an interpolation of predicted 
depth to bedrock derived from soil observation sites. Redder areas indicate a higher 
probability of shallow rock (<3m). 
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Figure 8.1 Probable depth to bedrock (<3m) of  the Bonaparte Plains
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9 Land slope 
Figure 9.1 shows the land slope classes across the soil map units. Areas of Cockatoo 
Sands and Pago sand, loamy phase have slopes in the range of 0% to 2%, with some 
steeper areas bordering rock outcrop or break of slope. Most areas of Pago and 
Cajuput soils have slopes less than 2%. 
 
Figure 9.1 Slope classes of  the Bonaparte Plains  
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10 Land capability for irrigated agriculture 
10.1 Map unit land qualities 
Table 10.1 shows the land quality values assigned to each of the soil map units. 
Appendix B contains the definitions of the land quality values. 
  
Table 10.1 Land quality values of  each soi l map unit  
Land quality & code CS1 CS2 PG1 PG2 PG3 PG4 CJ1 CJ2 CC W 
Waterlogging/ 
inundation (i) 
Nil Nil Nil  
to 
Moderate 
Nil 
 to 
Moderate 
Moderate Moderate 
to  
High 
Moderate 
to  
High 
Moderate 
to  
High 
Moderate 
to  
High 
Very high 
Water erosion (e) Low 
 to 
Moderate 
Low  
to 
Moderate 
Low  
to 
Moderate 
Moderate 
to 
Very high 
Moderate 
to 
Very high 
Low 
 to 
Moderate 
Low 
 to 
Moderate 
Low 
 to 
Moderate 
Low Low 
Phosphorus export (n) Low Low Low  
to  
High 
Very high Very high Moderate 
to  
Extreme 
Very high 
 to Extreme 
Very high 
to 
Extreme 
High  
to Very 
high 
Extreme 
Soil surface condition 
(s) 
None None None Very slight None Very slight Very slight Very slight Very slight 
to 
Moderate 
None 
Soil salinity (y) None None None None 
 to  
Slight 
None 
 to 
Moderate 
None 
 to 
Moderate 
None  
to 
Moderate 
None  
to 
Moderate 
Moderate None 
 to 
Moderate 
Soil-landscape 
complexity (x) 
Low Low Low High High High High High Moderate High 
Soil water storage (m) Moderate Moderate Moderate Moderate Moderate Moderate 
to  
Very low 
Moderate 
to 
Very low 
Moderate 
to  
Very low 
Very high Very high 
10  Land capability for irrigated agriculture 
45 
10.1.1 Waterlogging/inundation  
Crops vary greatly in their ability to tolerate periods of waterlogging. For example, rice 
and mangoes are more tolerant of anaerobic conditions than soybeans or bananas. The 
assessment of the waterlogging and inundation risk is based on soil-landscape factors 
that control water movement to and from a site (e.g. landscape position, particularly in 
relation to waterways, relief, gradient and catchment area).  
Cockatoo Sands have well drained to rapidly drained soil profiles, allowing for potential 
year-round agricultural production. Site drainage is therefore unlikely to limit agricultural 
development, apart from areas with shallow rock. 
The red soil colour indicates high temperature, good aeration and well-drained 
environments (Jenny 1980). Field observations of soil drainage characteristics of 
Cockatoo Sands during and after the wet season on existing irrigation developments 
and uncleared land indicate that soil profile drainage is not inhibited by clay loam 
substrates or the underlying parent rock (Smolinski et al. 2015). 
In the wet season, subsoil saturation and periodic inundation typically occurs in areas of 
Pago and Cajuput soils. After the wet season, subsoil waterlogging was still 
encountered in Pago soil profiles below 1.5–2.5m. Subsoil waterlogging was evident in 
Cajuput subsoils, at 0.5–3m, late in the dry season. 
Restricted internal drainage is associated with more impervious or shallow sandstone 
substrates, particularly on lower slopes and flats and lower positions within the 
landscape where iron-siliceous hardpans and clay may develop. Around the edges of 
the survey area, seepage and poor drainage occurs where regional watertables are 
close to the surface. 
Intensive annual horticulture in areas of predominantly Pago or Cajuput soils (i.e. map 
units PG3, PG4 and CJ1) is likely to induce a rise in watertables, with the associated 
increased risk of secondary salinisation.  
Pago soils are more suited to perennial horticulture, tree crops that have waterlogging 
tolerance (e.g. mango, guava, lychee) or fodder crops (e.g. sorghum, maize) under 
carefully managed irrigation systems. 
Cajuput soils are not recommended for agricultural development because of their 
shallow nature and prolonged periods of subsoil waterlogging. 
10.1.2 Water erosion  
Cockatoo, Pago and Cajuput soils have single-grained, loose topsoils and massive 
subsoils that readily slake. The clay and silt fractions of the topsoils are both usually 
less than 5%. Soils with these characteristics have an R2 Soil Regolith Class (Murphy 
et al. 1998), which indicates they have weak inter-particle strength, readily detached 
under heavy rainfall, but sediment transport occurs over relatively short distances and 
will not enter drainage lines if riparian buffers are in place.  
Once saturated through intense rainfall, these soils are vulnerable to sheet, rill and gully 
erosion. Rill and gully erosion is evident on Cockatoo Sands and more so within areas 
of Pago and Cajuput soils, even under native vegetation. Soil erosion occurs on cattle 
and fence tracks, especially where they cross the contour, particularly in areas with 
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slopes greater than 2% (Figure 10.1). Most shallow soils and long slopes greater than 
3% were excluded from this survey because of the inherently high risk of soil erosion 
and the difficulty in implementing sustainable agriculture.  
The contrast in saturated hydraulic conductivity between the topsoil and subsoil 
horizons of Cockatoo Sand, loamy phase may result in topsoil saturation during major 
rainfall, leading to an increased risk of sheet erosion on cleared land.  
Although Pago and Cajuput soils mainly occur on lower slopes and flats with grades 
less than 1.5%, these soils are prone to water erosion because they lack soil coherence 
when saturated. Furthermore, these soils are likely to remain saturated for longer and 
lose topsoil cohesion once they are cleared and cultivated. 
 
Figure 10.1 Track erosion on Cajuput Sand 
10.1.3 Phosphorus export  
Eutrophication and associated algal blooms in waterways and wetlands are commonly 
linked to the use of nitrogen- and phosphorus-based fertilisers in irrigated agriculture. 
Highly permeable soils have a limited ability to retain nitrogen, although soils that are 
high in sesquioxides, such as Cockatoo Sands, are better at nitrogen sorption (Wong & 
Witter 2009). Even so, nitrogen loss is inevitable with high irrigation rates. Furthermore, 
because some algae can use atmospheric nitrogen, phosphorus is usually the limiting 
nutrient for algal growth. 
The movement of phosphorus in the landscape occurs via overland flow or soil profile 
leaching. It is rapidly bound to organic matter in topsoil horizons, soil clay fraction and 
coloured sesquioxide coatings on soil particles that are typical characteristics of 
Cockatoo Sands and Pago soils.  
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Bleached sandy soils (Cajuput family) that contain negligible SOC, clay or sesquioxides 
(i.e. very low phosphorus retention ability) are readily leached of macronutrients 
(nitrogen, potassium and phosphorus). 
Soil map units that contain seasonally wet areas, drainage lines or have a high erosion 
hazard have a high to extreme risk of nutrient export under irrigated agriculture. 
A soil’s ability to retain phosphorus is indicated by phosphorus retention index (PRI) or 
PBI analyses. 
The potential loss of macronutrients can be minimised and the possible risk of 
eutrophication of watercourses from run-off is negligible on Cockatoo Sands in the 
Bonaparte Plains, provided management follows best practice and adequate buffers to 
drainage lines and riparian vegetation are maintained.  
Areas of Pago soils that have dry season watertable depths within 3m are prone to 
nutrient export through run-off or leaching, particularly under annual cropping. On these 
soils, deep-rooted annual crops, perennial crops or tree crops can grow with careful 
nutrient and irrigation management. 
Soil map units containing Cajuput or sandy duplex soils with drainage lines have a high 
nutrient export risk via overland flow or leaching due to wet soil conditions. 
We did not assess the risk of nitrogen leaching because modelling nitrogen export 
within this or similar environments has not been undertaken and was not within the 
scope of this investigation. Furthermore, phosphorus is generally the most limiting 
nutrient. 
10.1.4 Soil surface condition 
Crops planted from seed are most affected by topsoil surface conditions such as 
hardsetting, compaction, surface sealing and crusting. Horticultural small crops, such as 
tomato, capsicum and cucurbits, which are planted as seedlings, are less affected. Tree 
and vine crops, which are planted as large tree seedlings, are the least affected.  
Hardsetting and massive surface soils resulting from low SOC, soil particle size with 
significant silt or fine sand fractions, and low calcium-to-magnesium ratios are 
particularly problematic and can significantly affect spray irrigation. Trickle irrigation is 
less affected. Careful management to maintain moist surface conditions and reduce the 
strength or consistence of the soil surface is feasible, but requires increasing irrigation 
frequency. Surface soil conditions for underground crops, such as sweet potato and 
peanuts, are critical during tuber, rhizome or nut set. The size, quality and extraction of 
these crops can be severely affected when grown under adverse surface soil 
conditions.  
The sandy earths and loamy earths of the Kimberley and the Northern Territory’s 
Katherine region are structureless and contain negligible SOC (Speck et al. 1960). 
Cultivating soils with these properties, particularly when the soils are too moist, is likely 
to result in soil compaction, topsoil crusting and sealing of soil pores. These limitations 
become increasingly difficult to manage if soil erosion and loss of topsoil organic matter 
continues unchecked. 
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High calcium-to-magnesium ratios and low sodium are usually associated with well-
structured soils, while high levels of sodium and magnesium relative to calcium 
generally indicate poor soil structure and susceptibility to surface sealing and 
compaction.  
Apart from the topsoil (0–10cm), Cockatoo Sands have very low calcium to magnesium 
ratios. This is a limitation for annual horticulture crops where frequent cultivation is part 
of the production system. Cockatoo Sand subsoils are inherently compact. If shallow 
topsoil horizons are mixed through cultivation, they are prone to crusting, hardsetting 
and the formation of traffic pans. These factors can hinder seedling emergence and root 
penetration. 
Reduced tillage, incorporation of green manure crops, maintaining a surface cover and 
amelioration with gypsum can reduce topsoil crusting and compaction and minimise the 
loss of soil carbon. 
10.1.5 Soil salinity 
The risk of soil salinity is negligible in Cockatoo Sands because the soil profile and 
parent rock are highly permeable and so added salts leach rapidly. 
Areas that are subject to seasonal waterlogging, have a watertable within 3m and 
receive seepage and run-on, have a moderate to high risk of developing secondary 
salinity. These areas are associated with soil map units PG4, CJ1 and CC (Figure 7.1). 
Furthermore, sandy duplex soils (Chromosols and Sodosols) within these areas have 
slightly to moderately saline subsoils.  
10.1.6 Soil-landscape complexity 
Soil-landscape complexity is not a limitation in areas of Cockatoo Sands because the 
Tenosols and Kandosols (CS1 and CS2) within the map units are manageable under 
one irrigation and fertiliser strategy. In contrast, areas of CJ1 and PG4 (Figure 7.1) 
contain a complex mix of Tenosols, Kandosols and Chromosols with varying soil 
permeability and site drainage conditions. Furthermore, associated landforms are too 
small, narrow or irregular in shape to allow uniform management. Developing such 
areas would also be difficult to manage sustainably.  
Soil complexity was estimated from the analysis of aerial imagery, radiometrics and 
relevant field data) expressed as a percentage of the total soil map unit.  
10.1.7 Soil water storage  
Soil water storage is the amount of water that can be stored within the soil and is 
available for plant use. It is a major factor determining the yield potential under dryland 
agriculture, but is less important under irrigation. Even so, soils with low soil water 
storage require more frequent irrigation, which can be more difficult to supply with 
travelling irrigation or centre pivot systems. Furthermore, higher pumping costs and an 
associated increase in nutrient leaching and risk of eutrophication may not be 
sustainable.  
Soil water storage within the soil profile depends on the texture of the soil matrix, gravel 
content and depth of the soil horizons. There is a large variation in plant root density 
and maximum rooting depth. Thus, soil water storage is determined for a specific crop 
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group or depth interval. For example, 0–0.5m is used for shallow-rooted annual crops, 
0–1m for field crops and 0–1.5m for most timber or tree crops.  
Soil water storage is defined as the difference between the upper storage limit (i.e. field 
capacity) and the lower storage limit (i.e. wilting point), summed over the rooting depth 
of the crop. 'Available water capacity' or 'plant available water' is simply the difference 
between field capacity and wilting point in millimetres per metre (mm/m), without the 
rooting depth restriction. 
Table 10.2 provides available water capacity based on soil texture, sand grain size and 
structure. 
Because most soils within the Bonaparte plains are loamy sands or sands, and are not 
coarse-grained, soil water storage is not a significant limitation to irrigated agriculture. 
Exceptions are minor areas of leached sands associated with drainage lines within the 
Cajuput map units (CJ1 and CJ2; Figure 7.1) 
Table 10.2 Est imated available water capacity using soi l texture, sand grain 
size and structure  
Texture 
Clay 
(%) Sand size fraction 
Available water capacity (mm/m) 
Moderate to strong 
structure 
Weak structure or 
apedal 
Sands (KS, MS, S, 
FS) 
<5 Coarse to very coarse 
Medium to coarse 
Medium 
Fine 
– 
– 
– 
– 
~20 
30–45 
40–50 
50–70 
Loamy sand/ 
Clayey sand (LS, CS)  
5–10 Coarse 
Medium 
Fine 
– 
– 
– 
50–60 
60–90 
80–100 
Sandy loam (SL) 10–20 Coarse 
Medium 
Fine 
110–220 
110–170 
170–220 
50–60 
60–100 
~140 
Light sandy clay loam 
(L) 
15–20 Coarse 
Medium 
Fine 
120–150 
170–220 
~180 
50–60 
90–100 
100–120 
Loam (L) ~25 – 150–240 100–130 
Sandy clay loam (CL) 20–30 – 130–190 100–130 
Clay loam (CL) 30–35 – 120–210 ~100 
Sandy clay (C) 35–40 – 130–150 80–100 
Clay (C) >35 – 110–120 90–140 
Self-mulching clay (C) >35 – ~210 – 
– = not applicable 
Source: adapted from Moore (1998) 
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10.1.8 Nutrient availability 
Because most soils within the Bonaparte Plains are nutrient-deficient, and fertiliser 
application for irrigated agriculture is standard practice, inherent soil fertility status was 
not considered as part of this capability assessment. 
All soils in the survey area have an inherently low nutrient status, which is due to their 
low clay content, very low SOC and a clay mineralogy dominated by kaolinite and 
quartz (Smolinski et al. 2015). If these soils are developed for agriculture, particularly if 
irrigation water is acidic, their low cation exchange capacity and low soil pH buffering 
capacity can lead to a rapid change in soil pH and subsequent soil nutrient availability. 
Smith and Hill (2011) showed that similar Tenosols and Kandosols in the Douglas–Daly 
region of the Northern Territory are prone to acidity and SOC levels can reduce to less 
than 50% after four seasons of conventional cultivation. 
Agricultural productivity of Cockatoo and Pago soils will depend on fertiliser inputs, soil 
amelioration to manage soil acidity, irrigation water quality and management to reduce 
nutrient loss.  
10.2 Land capability ratings 
Table 10.3 shows areas of the soil map units and the land capability rating for each of 
the four land uses we assessed. The ratings are a number that represents the overall 
capability class (Table 3.2) and one or more letters that represent the most limiting land 
qualities that determine the land capability class. 
Figure 10.3 to Figure 10.5 are land capability maps for each type of land use, indicating 
the capability class for each soil map unit. 
  
Table 10.3 Land capabi l i ty rat ings for each soi l map unit  
Land use CS1 CS2 PG1 PG2 PG3 PG4 CJ1 CJ2 CC W 
Total area (ha) 5 647 29 300 3 517 1 223 1 204 817 3 153 6 430 3 008 664 
Annual 
horticulture 
2–3e 2–3e 2–3ien 4en–5e 4n–5e 3ix–4in 4in 4in 3iny–4in 5i 
Perennial 
horticulture 
1–2 1–2 1–4i 4ien 4ien 4iny 4iny 4iny 4iny 5i 
Fodder cropping 2–3e 2–3e 2–3ien 4en 4en 3i–4in 4in 4in 3iny–4in 5i 
Timber products 1–2 1–2 1–4i 4ien 4ien 4in 4in 4in 4in 5i 
Note:  Land capability subclasses, shown as letter notations, indicate the most limiting land qualities that determine the capability class: 
  e = water erosion  
 i  = waterlogging/inundation  
 n = phosphorus export  
 x = soil-landscape complexity 
 y = soil salinity 
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Figure 10.2 Land capabil i ty for annual hort iculture on the Bonaparte Plains 
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Figure 10.3 Land capabil i ty for perennial hort iculture on the Bonaparte Plains 
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Figure 10.4 Land capabil i ty for fodder cropping on the Bonaparte Plains 
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Figure 10.5 Land capabil i ty for t imber products on the Bonaparte Plains 
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11 Conclusion 
About 34 946ha of the Bonaparte Plains have been assessed as having a fair to high 
capability for irrigated agriculture. This area corresponds to the Cockatoo Sands map 
units CS1 and CS2. 
Water erosion is the main limitation on these map units and will require careful 
management. Areas of CS1 and CS2 with slopes of less than 1% are classified as 
Class 2 — having a high capability with minor limitations — for annual horticulture and 
fodder cropping, and areas with slopes of 1–2% are Class 3, which have a fair capability 
with moderate limitations to reflect a higher risk of water erosion. 
Agricultural development within areas of CS1 and CS2 is sustainable, provided soil 
conservation strategies, such as grade banks and strip and cover cropping, are 
employed to minimise the risk of soil degradation. 
About 3517ha of Pago soils in a complex with Cockatoo Sands (soil map unit PG1) are 
rated as having a moderate to low capability potential (Class 3 to 4) for intensive 
horticulture. This is because of a combination of limitations including seasonal 
waterlogging (having a watertable depth of 0.5m–1.5m under native vegetation) and 
water erosion risk. If annual horticulture was developed on the Pago soils, there is a risk 
of secondary salinity and a rise in groundwater. This would be adverse to year-round 
access and increase the risk of nutrient leaching. Nevertheless, some areas of Pago 
soils are likely to be suitable for deep-rooted fodder crops or perennials (such as 
sorghum, maize, mango, guava and lychee) that can tolerate periodic waterlogging and 
are capable of tapping into the seasonal watertable and intercepting leached nutrients. 
The inclusion of multiple cropping rotations, such as melons or cotton followed by 
sorghum, or planting a cover crop during the wet season would be beneficial in 
optimising the use of soil water and nutrients, reducing the risk of water erosion and 
reducing the loss of soluble fertilisers. 
Waterlogging/inundation, water erosion, soil salinity and soil-landscape complexity are 
moderate to high limitations associated with areas of Pago soils (PG3, PG4), Cajuput 
soils (CJ1, CJ2) and Cracking clay (CC) soils. These soil map units have a combination 
of limitations that indicate a low capability for most irrigated agricultural land uses. 
The preferred areas for agricultural development in the Bonaparte Plains are the 
extensive areas of Cockatoo Sands (CS1 and CS2) with a fair to high capability for 
irrigated agriculture. However, the remoteness of the Bonaparte Plains, the lack of 
infrastructure, and the economic feasibility of developing irrigation water supplies need 
to be assessed to realise this potential. Furthermore, a detailed soil-landscape 
assessment, including topographical survey at a scale of at least 1:25 000, should be 
undertaken prior to development. 
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Appendix A Digital soils map of broad soil generic groups 
 
 
Figure A1 Broad soil  generic groups of  the Bonaparte Plains 
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Appendix B Land quality values for land capability 
assessment 
The range of land quality values for waterlogging/inundation risk are in Table B1. 
Waterlogging occurs when all or part of the soil profile becomes saturated. Inundation is 
when water ponds on the soil surface. Waterlogging and inundation are limitations to 
crop production if anaerobic conditions develop within the root zone.  
Soil parameters that together influence or reflect drainage and permeability hazard 
include texture, grade and type of structure, soil colour, mottling, segregations and the 
depth to impermeable layers.  
Table B1 Land qual ity values for waterlogging/inundation r isk  
Value Profile drainage Degree of waterlogginga  
Very high Very poor drained Wet most of the year 
High Poor drained Wet for several months 
Moderate Imperfectly drained Wet for about 1 month 
Slight Moderately well drained Wet for about 1 week 
Very slight Well drained Wet for <1 day 
Nil Rapidly drained Wet for <1 day 
a  Degree of waterlogging is based on internal permeability and external drainage.  
The range of critical slope gradients that determine water erosion hazard are in Table 
B2. Water erosion due to high intensity rainfall during the wet season is a major 
management consideration for all cultivated soils. Areas where surface flows converge, 
areas downslope from rock outcrop, and areas with shallow soil depth are more prone 
to soil saturation that exacerbates water erosion. 
Table B2 Land qual ity values for water  
erosion r isk 
Value Slope gradient (%) 
Very low 0–0.5 
Low 0.5–1.0 
Moderate 1.0–2.0 
High  2.0–3.0 
Very high 3.0–5.0 
Extreme >5.0 
Source: Burgess et al. (2015) 
The range of land quality values for phosphorus export hazard are in Table B3. The 
soil's PRI and the depth of soil above a permanent or seasonal watertable is used to 
determine the phosphorus export hazard. Once phosphorus is leached into the 
watertable it becomes highly mobile.  
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Table B3 Land qual ity values for phosphorus export r isk in sands 
Value PRIa Depth to highest seasonal watertable (m) 
Low 2–5 >5 
Low >5 >3 
Moderate 2–5 2–5 
Moderate >5 1–3 
High 2–5 1–2 
High >5 0.5–1 
Very high 2–5 <1 
Very high >5 0.2–0.5 
Extreme 2–5 <0.5 
Extreme >5 <0.2 
a Allen and Jeffery (1990) recommend a low value for PRI of <5. This is supported 
by Summers et al. (1996) who indicate 30% of phosphorus applied may be lost  
from soils with PRI = 4. PRI <5 is recommended as the cut off when considering  
intensive land use developments (van Gool et al. 2005). 
The range of land quality values for soil surface condition are in Table B4. These values 
relate to the susceptibility of soils to have their surface structure or consistence altered 
(e.g. hardsetting, crusting or cloddy surface condition) once they are cultivated. A 
crusting or hardsetting soil surface is characteristic of structure decline within the 
topsoil. This results in reduced movement of water into and through the topsoil and can 
limit germination and seedling development during crop establishment.  
This limitation is used to adjust or downgrade land capability where poor surface 
conditions indicate crop production will be affected, or increased management inputs 
are required to manage the difficult surface soil conditions. 
Table B4 Land qual ity values for soil surface condit ion 
Value Surface condition Texture Consistence/fabric 
None Loose, soft or firm Sand to sandy loam Loose 
Very slight Firm to hardsetting Sand to sandy loam Massive 
Slight Hardsetting Sandy loam to clay loam (fine to 
medium sand fraction) 
Massive, moderate 
strength 
Moderate Hardsetting Sandy loam to clay loam 
(medium to coarse sand fraction) 
Massive, high strength 
High Very hardsetting Silty clay loam or silty light clay Massive, dense 
Severe Coarse blocky peds Clay Moderate to strong 
structure 
Source: Burgess et al. (2015) 
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The range of land quality values for soil salinity are in Table B5. Soil salinity refers to 
high levels of soluble salts in the soil profile. Overuse of irrigation water can lead to 
increased deep drainage, elevated watertables and potential groundwater seepage in 
lower positions in the landscape. Where watertables develop within 2m below the 
surface, evaporative wicking will concentrate salts at the soil surface. Soil salinity 
negatively affects crop quality and production through sodium and chloride toxicity. It 
also reduces water uptake by increasing osmotic pressure. 
Table B5 Land qual ity values for soil sal inity 
Value 
Mean ECe over 
top 1m (mS/m) Crop impact 
None <200 Salinity effects are negligible 
Slight  200–400 Yields of sensitive crops are affected 
Moderate 400–800 Yields of most crops are affected 
High  800–1600 Only tolerant crops yield productively  
Extreme >1600 Unsuitable for cropping 
Note:  ECe (mS/m) = EC 1:5 (mS/m) × soil texture factor (Hazleton & Murphy 2007). 
The range of land quality values for soil-landscape complexity are in Table B6. 
Development of areas containing a complex distribution of soil or land elements with 
different characteristics (e.g. soil water storage, soil drainage potential and water 
erosion risk) are difficult to manage, produce a uniform crop or to realise maximum 
yield. 
Table B6 Land qual ity values for soil- landscape complexity 
Value Spatial extent of managerially different soils (%) 
Low <10% (i.e. less than one-tenth of the overall entity) 
Moderate 10–30% 
High 30–50% 
Very high  >50% (i.e. more than half of the overall entity) 
Source: Burgess et al. (2015) 
The range of land quality values for soil water storage are in Table B7. Soil water 
storage is generally not a critical land quality in regard to irrigated agriculture. However, 
it can be an economic concern when water supply is limited or pumping costs are high. 
During periods of high temperature, centre pivot or travelling irrigation systems may not 
maintain crop water requirements where soil water storage is low to extremely low. The 
necessity to increase irrigation to soils with low soil water storage can result in loss on 
soil nutrients, increase the risk of eutrophication and groundwater rise. 
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Table B7 Land qual ity values for soil water storage 
Value 
Available water capacity of top 1m or to  
physical crop root deptha (mm) 
Extremely low <30 
Very low 30–50 
Low 50–70 
Moderate  70–100 
High 100–140 
Very high >140 
a See Table 2.12a guidelines in van Gool et al. (2005). 
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Appendix C Land capability tables for irrigated agriculture  
The following tables are adapted from Burgess et al. (2015) and relate the land quality 
ratings to the capability class for the irrigated agricultural land uses. 
Table C1 Land capabi l i ty rat ings table for annual hort iculture 
Land quality and suffix Class 1 Class 2 Class 3 Class 4 Class 5 
Waterlogging/inundation (i) Nil to very 
slight 
Slight Moderate High Very high 
Water erosion (e) Very low  Low Moderate High Very high to 
extreme 
Phosphorus export (n) Low Moderate High Very high Extreme 
Soil surface condition (s) None to 
very slight 
Slight to 
moderate 
High Severe – 
Soil salinity (y) None Slight Moderate High Extreme 
Soil-landscape complexity 
(x) 
Low Moderate High Very high – 
Soil water storage (m) Very high to 
moderate 
low Very low Extremely 
low 
– 
– = no rating 
 
Table C2 Land capabi l i ty rat ings table for perennial hort iculture 
Land quality and suffix Class 1 Class 2 Class 3 Class4 Class 5 
Waterlogging/inundation (i) Nil to very 
slight 
Slight – Moderate 
to high 
Very high 
Water erosion hazard (e) Very low 
to moderate 
– High Very high Extreme 
Phosphorus export (n) Low Moderate High Very high 
to extreme 
– 
Soil surface condition (s) None to 
severe 
– – – – 
Root zone salinity (y) None to 
slight 
Slight – Moderate High to 
extreme 
Soil-landscape complexity 
(x) 
Low to 
moderate 
High – Very high – 
Soil water storage (m) Very high to 
moderate 
low Very low Extremely 
low 
– 
– = no rating 
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Table C3 Land capabi l i ty rat ings table for fodder crops 
Land quality and suffix Class 1 Class 2 Class 3 Class4 Class 5 
Waterlogging/inundation (i) Nil to slight – Moderate High Very high 
Water erosion hazard (e) Very low Low Moderate High to very 
high 
Extreme 
Phosphorus export (n) Low Moderate High Very high Extreme 
Soil surface condition (s) None to 
slight 
Moderate High Severe – 
Root zone salinity (y) None Slight Moderate High Extreme 
Soil-landscape complexity 
(x) 
Low to 
moderate 
High Very high – – 
Soil water storage (m) Very high to 
moderate 
low Very low Extremely 
low 
– 
– = no rating 
 
Table C4 Land capabi l i ty rat ings table for t imber products 
Land quality and suffix Class 1 Class 2 Class 3 Class4 Class 5 
Waterlogging inundation (i) Nil to very 
slight 
Slight – Moderate  
to high 
Very high 
Water erosion hazard (e) Very low to 
low 
Moderate High Very high Extreme 
Phosphorus export (n) Low Moderate High Very high  
to extreme 
– 
Soil surface condition (s) None to 
severe 
– – – – 
Root zone salinity (y) None Slight Moderate High Extreme 
Soil-landscape complexity 
(x) 
Low to 
moderate 
High – Very high – 
Soil water storage (m) Very high to 
moderate 
low Very low Extremely 
low 
– 
– = no rating 
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Appendix D Representative soil profiles and analyses 
Site ID: COC 0121 
Location: MGA94 Zone 52, 472749mE, 8332873mN 
Local soil name: Cockatoo Sand 
WA soil group: Red sandy earth 
ASC: Haplic Mesotrophic Red Kandosol 
Surface condition: Soft 
Native vegetation: Open woodland, Eucalyptus tetrodonta, E. miniata, rare Livistona 
eastonii, Brachychiton turberculatus, grass understorey, soft spinifex, 
rare palm 
Soil prof i le descript ion 
Horizon Depth (cm) Description 
A1 0–2 Reddish-brown (5YR 4/4 moist), reddish-brown (5YR 5/4 dry) loamy sand; massive 
structure; sandy fabric; pH 6.5; clear boundary 
A2 2–60 Yellowish-red (5YR 4/6 moist), yellowish-red (5YR 5/6 dry) loamy sand; massive 
structure; sandy fabric; pH 6.5; diffuse boundary 
B1 60–130 Red (2.5YR 4/5 moist) sandy loam; massive structure; earthy fabric; pH 6.5; diffuse 
boundary 
B2 130–150+ Red (2.5YR 4/8 moist) sandy clay loam; massive structure; earthy fabric; pH 6.5 
Soil physical and chemical analysis 
Sample 
depth (cm) 
Particle size (%) Soil pH 
EC 
(mS/m) SOC (%) 
Coarse 
sand Fine sand Silt Clay Water 
Calcium 
chloride 
0–10 77 14 2 7 6.0 5.1 2 0.83 
10–40 79 15 1 6 6.5 6.0 1 0.23 
60–100 66 10 1 23 6.6 5.8 <1 0.05 
 
Sample 
depth (cm) 
Exchangeable cations 
(meq/100g) 
PRI 
Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 1.44 0.49 0.07 0.02 2.67 1 3 25 1.9 0.2 0.36 39.95 11.72 0.10 
10–40 0.62 0.40 0.04 0.01 3.09 1 2 17 1.0 0.2 0.51 13.52 3.60 0.14 
60–100 0.57 1.11 0.08 0.03 19.47 1 2 28 4.0 0.3 0.41 7.54 0.48 0.09 
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Site ID: OBP 1169 
Location: MGA94 Zone 52, 478948mE, 8335035mN  
Local soil name: Elliot 
WA soil group: Grey sandy earth 
ASC: Bleached-Mottled Magnesic Grey Kandosol 
Surface condition: Firm 
Native vegetation: Open low woodland, Callitris sp., Melaleuca minutifolia, Erythrophleum 
chlorostachys, Persoonia falcata, Corymbia foelscheana  
Soil prof i le descript ion 
Horizon Depth (cm) Description 
A11 0–10 Greyish-brown (2.5Y 5/2, moist) fine sand; very weak consistence, single grained, 
sandy fabric, dry soil; clear boundary 
A2 10–35 Light brownish-grey (2.5Y 6/2, moist) sand, very weak consistence; dry soil; single 
grained, sandy fabric; gradual boundary 
B11 35–45 Pale-yellow (2.5Y 7/3, moist) sandy loam; few yellowish-brown (10YR 5/6) mottles, 
firm consistence, dry soil; massive, earthy fabric, diffuse boundary 
B12 45–65 Pale-yellow (2.5Y 7/3, moist) sandy clay loam; few yellowish-brown (10YR 5/6) 
mottles, firm consistence, dry soil; massive, earthy fabric, diffuse boundary 
B2 65–120 Pale-yellow (2.5Y 7/3, moist) sandy clay loam; common yellowish-brown (10YR 5/6) 
mottles and few red (2.5YR 4/6) mottles, firm consistence, dry soil; massive, earthy 
fabric 
Soil physical and chemical analysis 
Sample 
depth (cm) 
Particle size (%) Soil pH 
EC 
(mS/m) SOC (%) 
Coarse 
sand Fine sand Silt Clay Water 
Calcium 
chloride 
0–10 79.9 13.20 3.0 3.9 6.3 5.4 2 0.36 
10–30 76.0 9.13 3.0 11.9 6.4 5.0 <1 0.11 
60–80 61.7 8.89 2.0 27.4 6.6 5.6 <1 0.05 
 
Sample 
depth (cm) 
Exchangeable cations 
(meq/100g) 
PRI 
Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 0.70 0.31 0.05 0.02 1.7 <1 <2 18 1.8 0.2 0.30 19.2 5.05 0.09 
10–30 0.13 0.55 0.03 0.02 6.7 <1 <2 15 0.9 0.2 0.33 4.2 0.16 0.08 
60–80 0.05 1.39 0.02 0.03 31.3 <1 <2 <15 7.9 0.4 0.21 2.3 0.08 0.06 
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Site ID: COC 1131 
Location: MGA94 Zone 52, 461368mE, 8346807mN  
Local soil name: Cockatoo Sand 
WA soil group: Red sandy earth 
ASC: Haplic Mesotrophic Red Kandosol 
Surface condition: Soft 
Native vegetation: Open woodland 12–15m, Eucalyptus tetrodonta, E. miniata, cane grass, 
rare Terminalia sp. 
Soil prof i le descript ion 
Horizon Depth (cm) Description 
A11 0–5 Dark reddish-brown (5YR 3/2 moist) loamy sand; very weak consistence 
A12 5–30 Yellowish-red (5YR 4/6 moist) clayey sand; very weak consistence 
A3 30–60 Red (2.5YR 4/6 moist) sandy loam; weak consistence 
B1 60–80 Red (2.5YR 4/6 moist) sandy clay loam; firm consistence 
B21 80–200 Red (2.5YR 4/6 moist) sandy clay loam; firm consistence 
B22 200–700+ Sandy light clay; mottles; variable 
Soil physical and chemical analysis 
Sample 
depth (cm) 
Particle size (%) Soil pH 
EC 
(mS/m) SOC (%) 
Coarse 
sand Fine sand Silt Clay Water 
Calcium 
chloride 
0–10 35 55 3 7 6.8 6.1 <1 0.28 
15–30 18 71 2 9 6.9 5.9 <1 0.14 
40–60 14 57 2 26 7.0 5.7 <1 0.17 
90–120 20 43 3 34 6.8 6.0 1 0.12 
 
Sample 
depth (cm) 
Exchangeable cations 
(meq/100g) 
PBI 
Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 0.72 0.53 0.07 0.01 11.8 <1 <2 41 1.2 0.14 0.25 4.90 4.16 0.34 
15–30 0.47 0.47 0.06 0.01 13.1 <1 <2 31 0.9 0.16 0.24 4.33 3.08 0.19 
40–60 0.75 1.30 0.07 0.02 42.1 <1 <2 32 4.3 0.25 0.37 4.00 1.20 0.19 
90–120 0.84 2.01 0.06 0.02 81.6 <1 <2 24 14.2 0.42 0.2 3.81 0.18 0.17 
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Site ID: COC 1140 
Location: MGA94 Zone 52, 464441mE, 8341126mN 
Local soil name: Cockatoo Sand 
WA soil group: Red deep sand 
ASC: Basic Regolithic Red-Orthic Tenosol 
Surface condition: Soft 
Native vegetation: Open woodland, Eucalyptus tetrodonta, E. miniata, Acacia tumida, 
A. platycarpa, Grevillea agrifolia, Pandanus spiralus, spinifex, cane 
grass, poison 
Soil prof i le descript ion 
Horizon Depth (cm) Description 
A11 0–5 Dark reddish-brown (5YR 3/3 moist) loamy sand; very weak consistence 
A12 5–40 Yellowish-red (5YR 4/6 moist) loamy sand; very weak consistence 
A13 40–60 Red (2.5YR 4/6 moist) clayey sand; very weak consistence 
A3 60–110 Dark-red (2.5YR 3/6 moist) clayey sand; weak consistence 
B1 110–300 Dark-red (2.5YR 3/6 moist) sandy loam; weak consistence 
B2 300–400+ Dark-red (2.5YR 3/6 moist) sandy clay loam 
Soil physical and chemical analysis 
Sample 
depth (cm) 
Particle size (%) Soil pH 
EC 
(mS/m) SOC (%) 
Coarse 
sand Fine sand Silt Clay Water 
Calcium 
chloride 
0–15 17 77 2 4 6.7 5.7 <1 0.30 
20–40 16 77 1 6 6.9 5.9 <1 0.10 
60–90 13 71 1 15 6.9 5.9 <1 0.06 
120–150 11 73 1 15 7.0 5.9 <1 0.10 
 
Sample 
depth (cm) 
Exchangeable cations 
(meq/100g) 
PBI 
Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–15 0.85 0.46 0.06 <0.01 14.2 <1 <2 23 1.1 0.15 0.35 8.66 2.35 0.22 
20–40 0.45 0.30 0.04 <0.01 15.1 <1 <2 17 <0.5 0.13 0.26 4.08 1.33 0.14 
60–90 0.45 0.74 0.06 <0.01 26.9 <1 <2 27 1.0 0.20 0.25 3.48 0.59 0.17 
120–150 0.27 0.81 0.05 0.01 26.1 <1 <2 19 4.1 0.25 0.19 2.17 0.30 0.13 
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Site ID: COC 1145 
Location: MGA94 Zone 52, 468409mE, 8342999mN  
Local soil name: Cockatoo Sand 
WA soil group: Red deep sand 
ASC: Basic Lithic Sesqui-Nodular Tenosol 
Surface condition: Soft 
Native vegetation: Very open woodland 18m, Eucalyptus tetrodonta, E. miniata, Terminalia 
carpentariae, Grevillea agrifolia, Persoonia falcata, Livistona eastonii, 
Pandanus spiralus, spinifex, poison 
Soil prof i le descript ion 
Horizon Depth (cm) Description 
A11 0–5 Dark reddish-grey (5YR 4/2 moist) loamy sand; very weak consistence 
A12 5–50 Reddish-brown (5YR 4/4 moist) loamy sand; very weak consistence 
A13 50–70 Yellowish-red (5YR 4/6 moist) loamy sand; very weak consistence 
B2s 70–150 Yellowish-red (5YR 4/6 moist) loamy sand; very weak consistence; many medium 
ferruginous nodules 
R 150–151+ Soft sandstone; sharp boundary 
Soil physical and chemical analysis 
Sample 
depth (cm) 
Particle size (%) Soil pH 
EC 
(mS/m) SOC (%) 
Coarse 
sand Fine sand Silt Clay Water 
Calcium 
chloride 
0–20 14 79 3 4 7.2 5.9 <1 0.29 
40–60 14 75 3 8 6.9 5.9 <1 0.12 
90–120 7 81 1 11 7.3 6.0 <1 0.09 
 
Sample 
depth (cm) 
Exchangeable cations 
(meq/100g) 
PRI 
Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–20 0.48 0.28 0.05 <0.01 12.4 <1 <2 23 0.6 0.14 0.20 8.45 2.02 0.19 
40–60 0.33 0.43 0.06 <0.01 19.2 <1 2 32 – 0.16 0.32 2.91 0.54 0.20 
90–120 0.29 0.44 0.03 <0.01 21.7 <1 <2 20 0.9 0.16 0.23 2.42 0.52 0.14 
– = not analysed 
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Site ID: COC 1159 
Location: MGA94 Zone 52, 470707mE, 8329967mN 
Local soil name: Cockatoo Sand 
WA soil group: Red sandy earth 
ASC: Haplic Mesotrophic Red Kandosol 
Surface condition: Soft 
Native vegetation: Open woodland 15m, Eucalyptus tetrodonta, Acacia tumida, 
Petalostigma pubescens (quinine tree), Brachychiton tuberculatus 
(large leaf kurrajong), cane grass, spinifex 
Soil prof i le descript ion 
Horizon Depth (cm) Description 
A11 0–5 Dark reddish-grey (5YR 4/2 moist) loamy sand; very weak consistence; single grain 
structure; sandy fabric 
A12 5–45 Reddish-brown (5YR 4/4 moist) loamy sand; very weak consistence; massive structure; 
sandy fabric 
B11 45–60 Dark-red (2.5YR 3/6 moist) sandy loam; firm consistence; massive structure; earthy fabric 
B12 60–70 Dark-red (2.5YR 3/6 moist) sandy clay loam; firm consistence; massive structure; earthy 
fabric 
B21 70–200 Dark-red (2.5YR 3/6 moist) sandy clay loam 
B22 200–300 Dark-red (2.5YR 3/6 moist) clay loam, sandy 
B23 300–500+ Dark-red (2.5YR 3/6 moist) sandy light clay 
Soil physical and chemical analysis 
Sample 
depth (cm) 
Particle size (%) Soil pH 
EC 
(mS/m) SOC (%) 
Coarse 
sand Fine sand Silt Clay Water 
Calcium 
chloride 
0–20 14 78 2 6 6.7 5.9 <1 0.25 
30–50 13 71 – 16 7.2 6 <1 0.12 
110–130 10 65 2 23 6.9 6 <1 0.09 
130–250 18 48 2 32 7.2 6 <1 0.10 
250–400 18 47 2 33 6.7 6 <1 0.09 
 
Sample 
depth (cm) 
Exchangeable cations 
(meq/100g) 
PBI 
Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–20 0.67 0.36 0.05 <0.01 11 <1 <2 32 0.7 0.17 0.25 7.51 4.50 0.31 
30–50 0.53 0.71 0.06 0.01 27.3 <1 <2 29 2.2 0.24 0.28 3.59 1.46 0.15 
110–130 0.33 1.28 0.06 0.01 44.0 <1 <2 24 6.8 0.30 0.27 3.27 0.30 0.20 
130–250 0.13 1.60 0.07 0.02 45.1 <1 <2 32 7.7 0.38 0.29 2.88 0.21 0.17 
250–400 0.04 1.99 0.09 0.03 41.6 <1 <2 38 9.2 0.54 0.32 2.78 0.39 0.20 
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Site ID: COC 1160 
Location: MGA94 Zone 52, 469342mE, 8331676mN 
Local soil name: Cockatoo Sand 
WA soil group: Red deep sand 
ASC: Basic Regolithic Red-Orthic Tenosol 
Surface condition: Soft to firm 
Native vegetation: Open woodland 15–18m, Eucalyptus miniata, E. tetrodonta, Livistona 
eastonii, Pandanus spiralus, Acacia platycarpa, A. tumida, 
Gardenia spp., Buchania obovata, cane grass 
Soil prof i le descript ion 
Horizon Depth (cm) Description 
A11 0–10 Dark reddish-brown (5YR 3/2 moist) loamy sand 
A12 10–40 Yellowish-red (5YR 4/6 moist) loamy sand 
A3 40–70 Red (2.5YR 4/6 moist) loamy sand 
B1 70–150 Dark red (2.5YR 3/6 moist) clayey sand 
B21 150–250 Red (10R 4/6 moist) sandy loam 
B22 250–400+ Red (10R 4/6 moist) sandy clay loam 
Soil physical and chemical analysis 
Sample 
depth (cm) 
Particle size (%) Soil pH 
EC 
(mS/m) SOC (%) 
Coarse 
sand Fine sand Silt Clay Water 
Calcium 
chloride 
0–15 13 82 <0.1 5 6.9 5.9 <1 0.23 
40–60 5 83 2.0 10 6.8 5.8 <1 0.11 
90–120 5 79 2.0 14 7.0 5.9 <1 0.09 
120–250 9 76 <0.1 15 6.8 5.8 <1 0.07 
 
Sample 
depth (cm) 
Exchangeable cations 
(meq/100g) 
PBI 
Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–15 0.46 0.33 0.04 <0.01 16.3 <1 <2 <15 0.7 0.13 0.22 7.02 3.02 0.11 
40–60 0.27 0.39 0.03 <0.01 25.0 <1 2 17 0.9 0.20 0.25 4.32 1.02 0.16 
90–120 0.19 0.67 0.03 <0.01 27.7 <1 <2 18 2.5 0.18 0.19 3.40 0.25 0.19 
120–250 0.07 1.01 0.03 <0.01 26.1 <1 <2 <15 3.0 0.21 0.30 2.55 0.31 0.18 
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Site ID: COC 1163 
Location: MGA94 Zone 52, 467636mE, 8331090mN 
Local soil name: Pago Sand 
WA soil group: Brown sandy earth 
ASC: Bleached Mesotrophic Brown Kandosol 
Surface condition: Soft 
Native vegetation: Low open woodland, Eucalyptus tetrodonta, Corymbia foelscheana, 
Acacia tumida, A. platycarpa, Petalostigma pubescens, Erythrophleum 
chlorostachys  
Soi l prof i le descript ion 
Horizon Depth (cm) Description 
A11 0–2 Very dark greyish-brown (10YR 3/2 moist) loamy sand 
A12 2–10 Dark yellowish-brown (10YR 4/4 moist) loamy sand 
A2 10–25 Yellowish-brown (10YR 5/4 moist) loamy sand 
A3 25–60 Yellowish-brown (10YR 5/8 moist) clayey sand 
B11 60–85 Strong brown (7.5YR 5/8 moist) sandy loam 
B12 85–150 Strong brown (7.5YR 5/8 moist) sandy clay loam 
B2 150–370 Yellowish-red (5YR 5/8 moist) sandy clay loam 
R 370–371+ Sandstone 
Soil physical and chemical analysis 
Sample 
depth (cm) 
Particle size (%) Soil pH 
EC 
(mS/m) SOC (%) 
Coarse 
sand Fine sand Silt Clay Water 
Calcium 
chloride 
0–15 14 80 2 5 6.7 5.7 130 0.27 
30–50 10 82 – 8 6.6 5.9 <1 0.13 
60–80 10 73 1 16 6.8 5.8 <1 0.11 
110–130 9 68 1 23 6.6 5.9 <1 0.12 
130–250 16 58 2 24 6.8 5.9 <1 0.09 
 
Sample 
depth (cm) 
Exchangeable cations 
(meq/100g) 
PBI 
Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–15 0.70 0.27 0.04 0.02 12.8 <1 2 20 1.4 0.14 0.32 7.83 12.22 0.29 
30–50 0.34 0.30 0.04 <0.01 11.7 <1 <2 16 0.8 0.10 0.17 2.88 2.50 0.17 
60–80 0.42 0.83 0.05 <0.01 29.0 <1 <2 21 2.2 0.17 0.18 2.51 2.01 0.07 
110–130 0.50 1.32 0.03 0.01 51.7 <1 <2 <15 6.2 0.21 0.14 3.33 4.64 0.05 
130–250 0.23 1.49 0.03 <0.01 55.4 <1 <2 <15 8.3 0.29 0.19 2.63 1.34 0.06 
– = not analysed  
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Site ID: COC 1164 
Location: MGA94 Zone 52, 475478mE, 8324181mN 
Local soil name: Cockatoo Sand 
WA soil group: Red sandy earth 
ASC: Haplic Mesotrophic Red Kandosol 
Surface condition: Soft to firm 
Native vegetation: Eucalyptus tetrodonta, Petalostigma pubescens, Grevillea agrifolia, 
cane grass 
Soil prof i le descript ion 
Horizon Depth (cm) Description 
A11 0–5 Dark reddish-brown (5YR 3/3 moist) loamy sand; very weak consistence 
A12 5–10 Yellowish-red (5YR 4/6 moist) with sporadic bleaching, loamy sand, weak consistence 
A3 10–50 Red (2.5YR 4/6 moist) clayey sand; weak consistence 
B11 50–60 Dark-red (2.5YR 3/6 moist) sandy loam; firm consistence 
B12 60–90 Dark-red (2.5YR 3/6 moist) sandy clay loam; firm consistence 
B21 90–200 Dark-red (2.5YR 3/6 moist) sandy clay loam 
B22 200–300 Dark-red (2.5YR 3/6 moist) clay loam, sandy 
B23 300–400+ Dark-red (2.5YR 3/6 moist) sandy light clay 
Soil physical and chemical analysis 
Sample 
depth (cm) 
Particle size (%) Soil pH 
EC 
(mS/m) SOC (%) 
Coarse 
sand Fine sand Silt Clay Water 
Calcium 
chloride 
0–10 20 70 2 8 6.5 5.9 1.2 0.30 
20–40 14 69 1 17 6.5 5.9 <1.0 0.14 
60–90 15 60 1 24 6.5 6.0 <1.0 0.13 
120–150 13 58 – 29 6.6 6.0 <1.0 0.12 
150–250 16 46 2 36 6.5 6.0 <1.0 0.08 
250–400 18 44 2 37 6.7 6.0 <1.0 0.08 
 
Sample 
depth (cm) 
Exchangeable cations 
(meq/100g) 
PBI 
Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 0.74 0.41 0.05 0.01 12.8 <1 2 30 1.1 0.18 0.17 5.81 4.48 0.10 
20–40 0.66 0.57 0.06 0.01 24.0 <1 <2 28 1.0 0.27 0.25 3.01 1.74 0.12 
60–90 0.70 1.01 0.05 0.02 38.6 1 <2 22 3.3 0.31 0.33 2.48 0.22 0.07 
120–150 0.51 1.19 0.04 0.02 36.9 <1 <2 17 6.8 0.37 0.20 2.71 0.41 0.25 
150–250 0.44 1.65 0.04 0.01 55.9 <1 <2 <15 15.1 0.40 0.24 2.42 0.09 0.09 
250–400 0.07 1.74 0.03 0.02 48.9 <1 <2 <15 13.2 0.47 0.28 2.38 0.13 3.24 
– = not analysed  
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Site ID: COC 1165 
Location: MGA94 Zone 52, 476932mE, 8319995mN 
Local soil name: Cockatoo Sand 
WA soil group: Red sandy earth 
ASC: Haplic Mesotrophic Red Kandosol 
Surface condition: Soft to firm 
Native vegetation: Open woodland 15–18m, Eucalyptus tetrodonta, rare E. miniata, 
Dolichandrone heterophylla, Acacia tumida, spinifex 
Soil prof i le descript ion 
Horizon Depth (cm) Description 
A11 0–10 Reddish-brown (5YR 4/4 moist) loamy sand; very weak consistence 
A12 10–20 Red (2.5YR 4/6 moist) loamy sand; very weak consistence 
A3 20–60 Red (2.5YR 4/6 moist) clayey sand; very weak consistence 
B1 60–100 Dark-red (2.5YR 3/6 moist) sandy loam; weak consistence 
B21 100–350 Dark-red (2.5YR 3/6 moist) sandy clay loam; weak consistence 
B22 350–400+ Dark-red (2.5YR 3/6 moist) clay loam 
Soil physical and chemical analysis 
Sample 
depth (cm) 
Particle size (%) Soil pH 
EC 
(mS/m) SOC (%) 
Coarse 
sand Fine sand Silt Clay Water 
Calcium 
chloride 
30–60 10 72 3 15 6.6 6.0 <1 0.10 
60–90 11 67 1 21 6.6 6.0 <1 0.06 
90–120 11 64 1 23 6.6 6.0 <1 0.07 
120–250 13 57 1 28 6.6 6.0 <1 0.06 
250–400 12 56 2 30 6.7 5.9 <1 0.07 
 
Sample 
depth (cm) 
Exchangeable cations 
(meq/100g) 
PBI 
Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
30–60 0.48 0.52 0.06 <0.01 27.6 <1 <2 34 1.5 0.15 0.16 3.47 0.97 0.21 
60–90 0.46 0.86 0.06 0.01 32.8 <1 <2 25 3.3 0.18 0.21 2.98 0.31 0.09 
90–120 0.35 0.90 0.04 <0.01 39.4 <1 <2 23 5.3 0.21 0.20 3.09 0.04 0.05 
120–250 0.33 1.22 0.10 0.02 38.9 <1 <2 17 8.9 0.28 0.22 3.00 0.10 0.05 
250–400 0.06 1.54 0.04 0.03 40.9 <1 <2 <15 9.6 0.36 0.23 3.07 0.03 0.06 
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Appendix E Soil observation sites 
Table E1 Georeferenced soi l observation sites and ASC to subgroup level  
Site  
MGA94 Zone 52 Australian Soil Classification 
Easting (m) Northing (m) Order Suborder Great group Subgroup 
0112 458896 8345981 Tenosol Red-Orthic Regolithic Basic 
0113 460121 8346854 Tenosol Red-Orthic Arenic Basic 
0114 460736 8347402 Tenosol Brown-Orthic Arenic Basic 
0115 465881 8351908 Tenosol Brown-Orthic Arenic Basic 
0116 461816 8348030 Hydrosol Redoxic Chromosolic  Bleached 
0117 466451 8330677 Tenosol Red-Orthic Regolithic Basic 
0118 467140 8330907 Tenosol Sesqui-Nodular Lithic Basic 
0119 469141 8331608 Tenosol Red-Orthic Arenic Basic 
0120 470971 8332241 Kandosol Red Eutrophic Haplic 
0121 472749 8332873 Kandosol Red Mesotrophic Haplic 
0122 473536 8333144 Kandosol Red Mesotrophic Haplic 
0123 475920 8334052 Kandosol Red Mesotrophic Haplic 
0124 475307 8335270 Tenosol Red-Orthic Regolithic Basic 
0125 474418 8337048 Tenosol Red-Orthic Regolithic Basic 
0126 472936 8339982 Tenosol Red-Orthic Regolithic Basic 
0145 476583 8334195 Tenosol Red-Orthic Regolithic Basic 
0146 477255 8334439 Tenosol Red-Orthic Regolithic Basic 
0147 478502 8334873 Kandosol Red Mesotrophic Haplic 
0148 478984 8335048 Chromosol Yellow Mesotrophic  Bleached-Mottled 
0149 476331 8333248 Kandosol Red Mesotrophic  Haplic 
0150 476713 8332491 Tenosol Red-Orthic Lithic Basic 
0151 476908 8332102 Tenosol Brown-Orthic Regolithic Basic 
0152 477019 8331893 Kandosol Brown Mesotrophic Haplic 
0154 478402 8313447 Tenosol Red-Orthic Regolithic Basic 
0155 478063 8314916 Tenosol Red-Orthic Regolithic Basic 
0156 477602 8316997 Kandosol Brown Mesotrophic Haplic 
0157 477133 8319073 Kandosol Red Mesotrophic Haplic 
0158 476728 8320858 Tenosol Red-Orthic Regolithic Basic 
0159 476283 8322860 Tenosol Red-Orthic Arenic Basic 
(continued) 
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Table E1 cont inued 
Site  
MGA94 Zone 52 Australian Soil Classification 
Easting (m) Northing (m) Order Suborder Great group Subgroup 
0160 475840 8324841 Tenosol Red-Orthic Regolithic Basic 
0161 475093 8328161 Kandosol Red Mesotrophic Haplic  
0162 474982 8328675 Tenosol Yellow-Orthic Arenic Basic 
0163 474814 8329422 Tenosol Red-Orthic Arenic Basic 
0164 474699 8329938 Tenosol Yellow-Orthic Arenic Basic 
0166 474221 8332043 Kandosol Red Mesotrophic Haplic 
1000 473127 8333005 Kandosol Red Mesotrophic Haplic 
1001 471345 8332373 Kandosol Red Mesotrophic Haplic 
1002 474464 8331035 Kandosol Red Mesotrophic Haplic 
1003 474673 8330041 Tenosol Bleached-Orthic Lithic Basic 
1004 474843 8329269 Tenosol Brown-Orthic Lithic Basic 
1005 475317 8327152 Tenosol Red-Orthic Regolithic Basic 
1006 475617 8325811 Kandosol Red Mesotrophic Haplic 
1007 475466 8324181 Kandosol Red Mesotrophic Haplic 
1008 474397 8323662 Kandosol Red Mesotrophic Haplic 
1009 473064 8322707 Tenosol Sesqui-Nodular Petroferric Basic 
1011 473676 8323140 Kandosol Red Mesotrophic Haplic 
1012 475069 8328379 Tenosol Red-Orthic Regolithic Basic 
1013 476543 8321722 Tenosol Red-Orthic Lithic Basic 
1014 476675 8321096 Kandosol Red Mesotrophic Haplic 
1015 476844 8320348 Kandosol Red Mesotrophic Haplic 
1016 476988 8319175 Kandosol Red Mesotrophic Haplic 
1017 477160 8318954 Kandosol Red Mesotrophic Haplic 
1018 477417 8317821 Kandosol Red Mesotrophic Haplic 
1019 477481 8317543 Kandosol Yellow Mesotrophic Haplic 
1020 477896 8315758 Tenosol Red-Orthic Regolithic Basic 
1021 477153 8314464 Kandosol Red Mesotrophic Haplic 
1022 478460 8313212 Kandosol Brown Mesotrophic Haplic 
1023 476410 8322306 Tenosol Red-Orthic Regolithic Basic 
1024 476100 8323685 Kandosol Red Mesotrophic Haplic 
(continued)  
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Table E1 cont inued 
Site  
MGA94 Zone 52 Australian Soil Classification 
Easting (m) Northing (m) Order Suborder Great group Subgroup 
1025 473901 8333267 Kandosol Red Mesotrophic Haplic 
1026 475123 8333695 Kandosol Red Mesotrophic Haplic 
1027 476320 8334115 Kandosol Red Mesotrophic Haplic 
1028 477939 8334693 Kandosol Red Mesotrophic Haplic 
1029 478701 8334951 Kandosol Brown Mesotrophic Haplic 
1030 479127 8335092 Rudosol Arenic – – 
1031 480061 8335415 Tenosol Sesqui-Nodular Regolithic Basic 
1032 481559 8336111 Tenosol Sesqui-Nodular Regolithic Basic 
1033 485749 8338545 Kandosol Brown Mesotrophic Ferric 
1034 484990 8337870 Tenosol Sesqui-Nodular Lithic Basic 
1035 482566 8336502 Hydrosol Redoxic Sodosolic Magnesic-Natric  
1036 477527 8330904 Tenosol Sesqui-Nodular Lithic Basic 
1037 467515 8350697 Kandosol Red Mesotrophic Haplic 
1038 467294 8351149 Kandosol Brown Mesotrophic Ferric 
1039 466059 8351869 Tenosol Brown-Orthic Arenic Basic 
1040 464488 8350610 Tenosol Bleached-Orthic Regolithic Basic 
1041 463637 8349722 Tenosol Red-Orthic Regolithic Basic 
1042 462647 8348656 Tenosol Sesqui-Nodular Lithic Basic 
1043 459178 8346188 Tenosol Red-Orthic Regolithic Basic 
1044 459825 8346639 Kandosol Red Regolithic Basic 
1045 460619 8347218 Tenosol Bleached-Orthic Lithic Basic 
1046 461965 8348148 Tenosol Brown-Orthic Arenic Basic 
1047 462931 8348963 Kandosol Red Mesotrophic Haplic 
1048 465230 8351202 Chromosol Brown Mesotrophic Sodic 
1049 468052 8349661 Kandosol Red Mesotrophic Haplic 
1050 468514 8348749 Kandosol Red Mesotrophic Haplic 
1051 468514 8348749 Kandosol Red Mesotrophic Haplic 
1052 469427 8346948 Kandosol Red Mesotrophic Haplic 
1053 469639 8346533 Tenosol Red-Orthic Lithic Basic 
1054 469871 8346056 Tenosol Bleached-Orthic Paralithic Basic 
(continued)  
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Table E1 cont inued 
Site  
MGA94 Zone 52 Australian Soil Classification 
Easting (m) Northing (m) Order Suborder Great group Subgroup 
1055 470063 8345666 Tenosol Red-Orthic Lithic Basic 
1056 470371 8345063 Kandosol Red Mesotrophic Basic 
1057 470704 8344403 Tenosol Red-Orthic Arenic Basic 
1058 471065 8343686 Tenosol Red-Orthic Lithic Basic 
1059 471383 8343061 Tenosol Red-Orthic Lithic Basic 
1060 471774 8342290 Tenosol Brown-Orthic Regolithic Basic 
1061 475465 8334975 Tenosol Red-Orthic Arenic Basic 
1062 475159 8335582 Kandosol Red Mesotrophic Basic 
1063 474931 8336029 Kandosol Red Mesotrophic Haplic 
1064 474487 8336914 Kandosol Red Mesotrophic Haplic 
1065 473981 8337902 Kandosol Red Mesotrophic Haplic 
1066 473774 8338352 Kandosol Red Mesotrophic Haplic 
1067 473546 8338784 Tenosol Bleached-Orthic Lithic Basic 
1068 473273 8339325 Tenosol Brown-Orthic Regolithic Basic 
1069 472819 8340226 Tenosol Red-Orthic Regolithic Basic 
1070 472609 8340628 Tenosol Red-Orthic Arenic Basic 
1071 472340 8341175 Tenosol Red-Orthic Regolithic Basic 
1072 472120 8341613 Tenosol Red-Orthic Arenic Basic 
1073 471940 8341961 Tenosol Red-Orthic Arenic Basic 
1074 473440 8339913 Kandosol Red Mesotrophic Haplic 
1075 474109 8340150 Tenosol Red-Orthic Regolithic Haplic 
1076 474669 8340327 Kandosol Red Mesotrophic Haplic 
1077 475344 8340548 Kandosol Red Mesotrophic Haplic 
1078 475598 8340601 Kandosol Red Mesotrophic Haplic 
1079 472469 8332761 Kandosol Red Mesotrophic Haplic 
1080 471987 8332991 Kandosol Red Mesotrophic Haplic 
1081 471913 8333275 Kandosol Red Mesotrophic Haplic 
1082 471685 8333860 Kandosol Red Mesotrophic Haplic 
1083 471405 8334509 Kandosol Red Mesotrophic Haplic 
1084 471585 8334987 Tenosol Sesqui-Nodular Lithic Ferric 
1085 470065 8332237 Tenosol Red-Orthic Arenic Basic 
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Site  
MGA94 Zone 52 Australian Soil Classification 
Easting (m) Northing (m) Order Suborder Great group Subgroup 
1086 470073 8332821 Tenosol Red-Orthic Regolithic Basic 
1087 470115 8333308 Kandosol Red Mesotrophic Haplic 
1088 470304 8333777 Kandosol Red Mesotrophic Haplic 
1089 470316 8326063 Kandosol Red Mesotrophic Ferric 
1090 470307 8325992 Kandosol Red Mesonatric Ferric 
1091 473034 8325303 Kandosol Red Mesotrophic Haplic 
1092 470409 8331017 Kandosol Red Mesotrophic Haplic 
1093 471563 8325800 Tenosol Bleached-Orthic Ferric Basic 
1094 471769 8326026 Kandosol Red Mesotrophic Haplic 
1095 471514 8327008 Kandosol Red Mesotrophic Haplic 
1096 471238 8327999 Chromosol Red Mesotrophic Haplic 
1097 470597 8329014 Chromosol Red Mesotrophic Haplic 
1098 470685 8329983 Kandosol Red Mesotrophic Haplic 
1099 470573 8334453 Kandosol Red Mesotrophic Haplic 
1100 470864 8335182 Tenosol Red-Orthic Regolithic Basic 
1101 471230 8336100 Kandosol Red Mesotrophic Haplic 
1102 471481 8336803 Kandosol Brown Mesotrophic Haplic 
1103 471659 8337163 Kandosol Red Mesotrophic Haplic 
1104 471827 8337582 Tenosol Red-Orthic Regolithic Basic 
1105 472137 8338353 Kandosol Red Mesotrophic Haplic 
1106 472457 8339088 Tenosol Red-Orthic Regolithic Basic 
1107 472662 8339654 Chromosol Red Mesotrophic Haplic 
1108 472427 8339584 Tenosol Brown-Orthic Lithic Basic 
1109 472244 8339522 Kandosol Red Mesotrophic Haplic 
1110 471851 8339393 Kandosol Red Mesotrophic Haplic 
1111 471276 8339207 Tenosol Red-Orthic Arenic Basic 
1112 470160 8338846 Tenosol Sesqui-Nodular Lithic Basic 
1113 469186 8338518 Tenosol Red-Orthic Regolithic Basic 
1114 468160 8338183 Tenosol Brown-Orthic Lithic Basic 
1115 465919 8337467 Kandosol Red Mesotrophic Haplic 
1116 478585 8330210 Tenosol Bleached-Orthic Ferric Basic 
(continued)  
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Table E1 cont inued 
Site  
MGA94 Zone 52 Australian Soil Classification 
Easting (m) Northing (m) Order Suborder Great group Subgroup 
1117 480072 8329450 Tenosol Bleached-Orthic Arenic Basic 
1118 480680 8329134 Tenosol Bleached-Orthic Arenic Basic 
1119 481532 8328461 Tenosol Bleached-Orthic Arenic Basic 
1120 481810 8328136 Rudosol Arenic – –  
1121 482453 8328244 Tenosol Sesqui-Nodular Regolithic Basic 
1122 482950 8327984 Kandosol Red Mesotrophic Haplic 
1123 483542 8327673 Tenosol Sesqui-Nodular Regolithic Basic 
1124 484049 8327413 Chromosol Red Mesotrophic Haplic 
1125 484517 8327176 Kandosol Red Mesotrophic Haplic 
1126 485568 8326641 Kandosol Red Mesotrophic Haplic 
1127 486382 8326231 Tenosol Sesqui-Nodular Lithic Basic 
1128 489686 8324494 Dermosol Grey Supracalcic  Vertic  
1129 492669 8323500 Kandosol Red Mesotrophic Haplic 
1130 494782 8322844 Kandosol Red Mesotrophic Haplic 
1131 461368 8346807 Kandosol Red Mesotrophic Haplic 
1132 461654 8346227 Kandosol Red Mesotrophic Haplic 
1133 461884 8345725 Kandosol Red Mesotrophic Haplic 
1134 462174 8345146 Kandosol Red Mesotrophic Haplic 
1135 462471 8344537 Kandosol Red Mesotrophic Haplic 
1136 462761 8343938 Kandosol Red Mesotrophic Ferric 
1137 463086 8343275 Kandosol Red Mesotrophic Haplic 
1138 463479 8342462 Kandosol Red Mesotrophic Haplic 
1139 463925 8341572 Kandosol Red Mesotrophic Haplic 
1140 464441 8341126 Tenosol Red-Orthic Regolithic Basic 
1141 465090 8341404 Hydrosols Red Mesotrophic Haplic 
1142 465726 8341964 Kandosol Red Mesotrophic Haplic 
1143 467140 8342136 Kandosol Red Mesotrophic Haplic 
1144 468010 8342511 Tenosol Red-Orthic Regolithic Basic 
1145 468409 8342999 Tenosol Sesqui-Nodular Lithic Basic 
1146 469378 8342829 Tenosol Bleached-Orthic Lithic Basic 
1147 470190 8343329 Kandosol Red Mesotrophic Haplic 
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Site  
MGA94 Zone 52 Australian Soil Classification 
Easting (m) Northing (m) Order Suborder Great group Subgroup 
1148 470542 8343363 Rudosol Arenic – – 
1149 470938 8343325 Kandosol Red Mesotrophic Haplic 
1150 470542 8344744 Tenosol Red-Orthic Regolithic Basic 
1151 469011 8346575 Kandosol Red Mesotrophic Haplic 
1152 468755 8346584 Kandosol Red Mesotrophic Haplic 
1153 468648 8346792 Kandosol Red Mesotrophic Haplic 
1154 468436 8347280 Tenosol Red-Orthic Regolithic Basic 
1155 468719 8347717 Tenosol Red-Orthic Regolithic Basic 
1160 469342 8331676 Tenosol Red-Orthic Regolithic Basic 
1161 468666 8331437 Tenosol Red-Orthic Arenic Basic 
1162 468186 8331283 Kandosol Red Mesotrophic Haplic 
1163 467636 8331090 Kandosol Brown Mesotrophic Bleached 
1164 475478 8324181 Kandosol Red Mesotrophic Haplic 
1165 476932 8319995 Kandosol Red Mesotrophic Haplic 
1166 477303 8318213 Tenosol Red-Orthic Regolithic Basic 
– = There are currently no Great groups for Arenic Rudosols. 
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Shortened forms  
Short form Long form 
AHD Australian Height Datum 
ASC Australian Soil Classification 
B boron 
Ca calcium 
CaCl2 calcium chloride 
cm centimetre 
cm3 cubic centimetres 
CS clayey sand 
Cu copper 
d day 
DPIRD Department of Primary Industries and Regional Development 
EC electrical conductivity 
ECe electrical conductivity of saturated soil extract 
Fe iron 
g gram 
GDA94 Geocentric Datum of Australia 1994 
GIS geographic information system 
GPS global positioning system 
H2O water 
ha hectare 
K potassium 
kg kilogram 
Ksat saturated hydraulic conductivity 
m metres 
m3 cubic metres 
meq milliequivalents 
mg milligram 
Mg magnesium 
MGA94 Map Grid of Australia 1994 
mm millimetre 
Mn manganese 
mS/m millisiemens per metre 
Shortened forms 
83 
Short form Long form 
N nitrogen 
Na sodium 
P phosphorus 
PBI phosphorus buffering index 
PRI phosphorus retention index 
SGG soil generic group 
SOC soil organic carbon 
WA Western Australia 
y year 
Zn zinc 
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